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Introduction 

I T i« admitted on all Hiden that the country in whic^h we live is a veritable 
emiKiritim of drugs (‘ontaining jKiwerful active principles. Nearly three- 
fourths of the drugs mentioned in the British and otlier pharmacoiKeias grow 
in a state of nature here and the others can be easUy grown. The country 
has vast remnirces so far as mt'<li('inal plants are concerned, and it abounds in 
many kinds of fmrfuiries and spices which are known all over the w orld. India 
possesses climatic conditions varying from the torrid to the frigid zone. It 
embraces vast tracts of tropical plains, tem]K?ratc hills and valleys, irrigated 
soil, and moist and dry climates. It luis in fact been described as an epitome 
of the climates, seasons and soils of the British Empire. No wonder then that 
the plants containing active and medicinal principles grow abundantly within 
ita bounds. More than 2, (KM) such plants have l>een enumerated in the litera- 
ture of tlie indigenous systems of iuedu;ine wiiic h are aDege<l to have medicinal 
projierties of some description or other ami have been used in indigenous 
medicine in some form or other. The majority of these plants have not yet 
been fuUy investigated. 

Many among them are said to contain ix)WTrful and toxic principles. If 
introduce into the body of an animal in relatively small quantities, they will 
act deleteriously and may cause serious impairment of bodily functions or 
even death. They injure the basic life principle, the protoplasm of the cells 
of which the animal body is built up. by virtue of their chemical constituents 
whose nature may be known or unknow^n. Such a definition of poisonous 
plants would exclude plants ivhich act entirely in a mechanical way, such 
as certain grasses notably Stipa, Aristida and Heteropogon. whose ‘ seeds * 
may pierce the skill and produce abscesses or make their way into the salivary 
ducts of animals and do serious injury ; nor w ould it be desirable to include 
spiniferous plants which do considerable harm to man and animals. On 
the other hand, it will include some foodstuffs or fodder plants w’hich may 

( 1 ) 
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become deleterious under certain conditions. The harmful effects produced 
by chemical substances contained may be immediate or cumulative, i.e. they 
may appear after a period of time when the poison has had time to accumulate 
in the body in sufficient concentration to produce its deleterious effect after 
repeated administration. All such plants come under the category of poison- 
ous plants. 

Chemi ca l oonstitiieiits of plants responsible lor t(mo effects 

(1) The first class of these substances are vegetable bases which include 
aminaa and alkaloids. As a class these bodies are characterized by their 
profound physiological action and in many cases their intensely poisonous 
nature. Some of the amines give a foetid ^our to some weeds, and to some 
mushrooms their poisonous characters. The alkaloids as a rule give a bitter 
taste to a plant in which they naturally occur, and that in itself is frequently 
a sufficient protection against livestock eating it, except in unusual cases of 
hunger. A considerable number of medicinal drugs owe their curative pro- 
perties to these principles. The grasses as a rule do not contain these bases 
but they do occur in many of the other families. Examples of alkaloids are 
strychnine from nux-vomica, aconitine from aconites, atropine and allied 
alkaloids from belladonna, nicotine from tobacco, morphine from poppy, 
etc. 

(2) Another class of poisonous substances are represented by glucosides 
which form a large group and are much wider in occurrence than alkaloids. 
Many are non-toxic but quite a large number of them are intensely poisonous. 
They have generally a bitter taste and occur in many of the plant extracts 
used in me^cine. Well-known examples of toxic glucosides are those occur- 
ring in the Oleander family (Apocynoceoe) and Digitalis {Scrophulariacew). 

A group of glucosides which are important from the point of view of 
livestock-poisoning is represented by the cyanogenetic glucosides which con- 
tain hydrocyanic acid bound up in them ; this is liberated by enzymes mostly 
occurring in the same plants. As the name implies they split in the animal 
body, liberating sufficient quantities of hydrocyanic acid to produce fatal 
residts. The well-known representative of tliis class is one occurring in bitter 
almonds and known as amygdalin. They also occur in a number of grasses 
and members of the pea and rose families, etc. 

Another group of glucosides, when agitated with water, produce soapy 
foam and to these the name of saponins is given. In the vegetable kingdom 
they occur in at least 400 plants l^longing to 60 different families. They are 
particularly poisonous to certain lower animals, for example fishes, frogs, 
insects, etc. The fish are killed by these bodies in such high dilutions as 1 in 
200,000 or more. In higher animals, when taken by mouth, they produce 
gastro-intestuud irritation, vomiting and diarrhoea. In cold-blooded animals, 
such as fishes, they produce paralysis of the respiratory organs. They produce 
hemolysis when they come in contact with blood and have an acrid taste. 
Common examples containing saponins mo soap-nut, soap-bark and soap- 
root. 

(3) The third group of poisons is furnished by essential or volatile oils 
which give characteristic odours to plants. These bodies are charooterized 
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by their insectioidal and inseot-rexiellent properties, while in man and livestock 
they produce toxic effects by gastro-intestinal irritation. Common examples 
are those occurring in eucalyptus, in absinth which produces convulsions by its 
action on the nervous system, the pine family and that produced from mustard 
seed by the action of an enzyme, etc. Cattle do not as a rule feed on the 
plants containing the toxic essential oils. 

(4) The fourth group of toxic substances are known as toxalbumins which 
occur in castor, croton and abrus seeds. These are essentially blood poisons 
and are responsible for frequent losses among livestock. Animals can, how- 
ever, become immune to these bodies if they are given in small and gradually 
increasing doses, but the immunity is of a specific natm%, i.e. against that 
particular toxalbumin and not against others. 

(6) Lastly there are groups of substances called resins such as those 
occurring in podophyllum, bitters such as are found in wild members of the 
cucumber family, for example colocynth, phenolic compounds such as those 
found in many members of the cashew family. Other highly toxic principles 
are andromedotoxin occurring in many members of the rhododendron family, 
toxic oils such as croton oil, picrotoxin, a convulsant poison found in Anamirta 
coccidvs (Linn.) W. and A. (poison berry) which is a climbing slirub of the 
Indian forests, and neutral principles, organic acids and their salts, etc. All 
these have been responsible for poisoning in man and animals. 

Factors affbctino toxicity 

The amount of poisonous substances present in plants is dependent upon 
several factors, for example the nature of the soil, the climate, the season, the 
stage of growth of a plant, the nature and intensity of light, cultivation, etc. 
Fresh, green plants may be poisonous and in a dried condition the toxicity 
may be lost, for example in buttercups and other plants which have volatile 
active principles. Toxicity may be lost by cultivation as in the case of gourds, 
while the toxic principles in cinchona and oleander do not deteriorate through 
cultivation. The stage of growi.h of a plant is perhaps the most important 
factor in determining its toxicity. 

Susceptibility of animals to plants varies enormously. Rabbits are in- 
sensitive to the atropine group and birds stand large doses of strychnine. 
Young mammals are generally more susceptible than old. The condition of 
the animal, personal idiosyncracy, tolerance and immunity also play a part in 
determining the d^ree of susceptibility to the poison. 

To endeavour to compass within tins paper even a comprehensive bird’s 
eye view of poisonous plants of India would be impossible. Our object is to 
put before the reader as briefly as possible the importance of this work from 
its economic and toxicological aspects in relation to man and lower animals. 

. Toodoological aspects 

I. Cryptogams (thb flowrrlbss plants) 

The toxicological aspects of the cryptogams are very little known so far 
as India is concerned and we will make only brief reference to them. 
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(a) Bacteria 

The bacteria are among the simplest form of plant life and are met with 
universally. The majority of them are harmless but some are injurious 
to man and animals. They produce deleterious effects in two ways : Firstly 
as parasites, when they derive their nourishment from living animals and 
many of them produce, within the body, toxins which are harmful. Secondly 
many saprophytic bacteria produce poisonous substances, especially such as 
those occurring in putrid flesh, fish and other decaying organic matter. It is 
not our intention to include them in tliis paper as, although they belong to the 
vegetable kingdom, they are a class by themselves and do not come under the 
category of poisonous plants. 


(b) AlgcB 

The algae that cause poisoning are mostly those which are found in stag- 
nant waters. Tlie normally offensive odour may be sufficient to indicate 
their presence, but only a microscopic examination can determine just what 
the forms of algae present may be. Blue-green algae, as a group, are perhaps 
the most pronounced in their toxic effect. Prof. Parker and other workers 
have shown that when odours in water are pronounced, the mitToscopic, orga- 
nisms are present in considerable numbers. According to him, of the orga- 
nisms which produce objectionable and deleterious qualities in waters, the 
microscopic ones are the more important and very few" eases have been ob- 
served in which really serious trouble in water supplies could bo attributed 
directly to the growth of larger plants. In any study of the algie from this 
point of view, however, account must be taken of the products o! decomposi- 
tion by the associated bacteria since poisoning may be produced by the toxins 
produced by bacteria rather than by the alga'. 

Certain algae, such as Microcysiifs flos-aqufv (Wittr.) Kirch., Aphanizo- 
menon flo8-aqu(e (Linn.) Ralfs. and species of Anabana, etc. form on the sur- 
face of water what is generally called water bloom. The presence of water 
bloom on the surface of lakes, ponds, and other open sheets of w^ater is dis- 
tasteful to bathers and obnoxious to those living in the vicinity. Livesto(*k 
compelled to drink water containing water bloom are reported to have been 
poisoned. In Minnesota. (U. S. A.) during recent years, horses, (jattle, sheep, 
and turkeys have died in large numbers on the shores of lakes wdiere water 
bloom is present. All the above-mentioned algaj forming water bloom have 
been recorded in various parts of India but no w"ork has been done in connexion 
with their toxic effects. According to Dr Bhardawaja of the Benares Hindu 
University, water blooms containing these species occur commonly on the 
surface of many temple tanks in different parts of India. Of the other possibly 
harmful algse may be mentioned species of Nodularia, Clathrocyatis^ Noaloc, 
Oacillatoria^ Pandorina, and Volvox when present in large numbers. 

The question of growth of algae in water reservoirs leads us to a very 
important public health problem. Although in India very little information 
is available about the contamination of the water supplies with the group of 
toxic algae, we cannot pass over this important question without drawing 
attention to the importance of checking their growth in the reservoirs of water 
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Bupplies. One of the eBsentials of the algal growth is light. Their growth may, 
therefore, be prevented, or at any rate considerably i^uced, by covering up 
the reservoirs and cutting off sunlight. Unfortunately, most of the reservoirs 
for the supply of water to both animals and man in India are genially not 
covered and are often largely contaminated with algal growth. The removal 
of organic matter by keeping the source of water supply in as pure a state as 
possible will no doubt keep down the algal growth but it must be understood 
that nearly all water contains sufficient organic matter for the growth of algts, 
especially the water coming from water-sheds. Growth of algae can also be 
successfully prevented by the addition of copper sulphate in ^utions of one 
in five millions or even higher. This does not render the watw deleterious to 
man and animals. 

The problem of toxic algae is important and deserves the attention of 
workers in this field. 


(c) Fwngi 

i. Some fungi live on the skin and mucous membranes of man and animals 
and cause various diseases. e.g. ringworm, thrush, etc. 

ii. There are others which attack foodstuffs and among these may be men- 
tioned : (1) SmiUa. Many of these are destructive parasites which invade 
plants of vital economic importance, such as oats, wheat, millet and other 
cereals. Some are supposed to be poisonous if taken in large quantities, 
and others are said to produce irritation of the mucous memberane. There 
is difference of opinion with regard to the injurious effects produced by parti- 
cular kinds of smut and hardly any authentic information is available regard- 
ing those occurring in India. The subject deserves careful investigation by 
mycologists. (2) Rmta. Annual recurrence of the outbreaks of rust attacks 
of cereals in India, especially those attacking wheat, is of great economic 
importance to the country. These, especially the uredo stage, produce in- 
flammation of the mucous membrane of the mouth and nose. The dust 
coming from the infested straw when the grain is thrashed is stated to cause 
serious disturbances of the respiratory tract. Very little information is 
available about the Indian strains. (3) Ergot, which grows on rye, is a well 
known example of a fungus which produces highly poisonous substances, but 
there is no evidence of its occurrence in India. (4) The poisonous nature of 
the seeds of darnel (Ldliuni temvlentum Linn.), a grass and annual weed of 
cultivation, especially up-country, is believed to be due to a fungus, and cases 
of poisoning due to admixture of the seeds with wheat grains are not infire- 
quently reported in India and abroad. Cases of death among livestock have 
also b^n reported. The animals should not be allowed to feed on the plants 
when seeds are formed. 

(6) Very variable data are available as regards the poisonous effects of 
mouldy foodstuffs in India but there appears to be little doubt that the pre- 
sence of certain species may occasionally produce harmful effects in man and 
animals. Species of Mueor, Aapergillua, PenieilHwm and Fusarium, etc. 
deserve special investigation in this comiexion. It appears, however, that 
there is an appreciable difference in the susceptibility of different species of 
animals to fbe effects of mouldy foodstuffi. In gene^ it has been stated 
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that horses, dogs and pigs are more susceptible than nunmants and ponl-* 
try, while in other animals the case may be the reverse.^ Very little mfor- 
mation is available about the toxicity of moulds occurring in India and the 
problem requires a thorough investigation because of its great economic import* 
ance. In the meantime it would be safer to consider all fungus-infected food- 
stuffs as deleterious. Acute poisoning with the moulds is rarely met with 
and if they are taken in small quantities there is hardly any danger. The 
practice of throwing away mouldy pickles and other edible substances is no 
doubt a step in the right direction. 

iii. The third group of the poisonous fungi belong to the mushroom 
class. A number of these are edible and many occurring in India are indis- 
criminately eaten. Cases of fungus poisoning, therefore, are not infrequently 
met with, particularly in the hills. Unfortunately very little information is 
available about the poisonous fungi growing in this country and in spite of 
cases of poisoning, little attention has been paid to the subject. 

Stropharia semiglobata (Batsch) Quel, from Khasia hills, Hypholoma 
fasictdare (Huds.) Fr. from Darjeeling and Simla and Lactariua veUereua Fr. 
from Sikkim are regarded as poisonous. There is also evidence on record 
that there exists in Bengal a fungus which closely resembles an edible form 
but which contains amanitine or muscarine, the poisonous principle of the 
foreign Amanita muscaria Pers. Recently two mushrooms were sent to us 
from Kumaon as being poisonous. These were identified as CoUybia and 
Canthardlus. There are probably many more poisonous species than have 
really been incriminated as poisons, but on the whole their number may be 
small and indeed if properly cooked only a few are dangerous. If washed 
in water and macerated in vinegar before cooking, and if eaten with plenty 
of bread there is almost no danger in most cases. The safest method, how- 
ever, is to learn to recognize the edible species and never to eat a fungus 
until its identity is certain. 

Some of the foreign poisonous fungi, e.g. Lepiola cristata Quel., Volvaria 
gloicephala Gill., Amanita muscaria Pers. and Amanita phaUaides Seer, are 
well known. The last-mentioned is responsible for perhaps 90 per cent of the 
deaths caused by fungus poisoning in Europe, Great Britain, and U. 8. A. 
During the world war, when food scarcity became acute in Germany and 
Austria, poisoning from fungi appreciably increased. According to Ford there 
are four main types of inusliroom intoxication : (1) Gastro-intestinal in 
which the attack ceases when the stomach is emptied. (2) General catharsis 
which is painless. (3) Violent vomiting and pain but no involvement out- 
side the gastro-intestinal tract. (4) Choleriform type producing widespread 
degeneration of cells. 


(d) Lichens 

Very little is known about these symbiotic organisms which consist of 
algal cells enveloped by the mycelium of the fungus forming a felted mass. 
Although this group is not to be regarded as a serious menace to livestock, 
cases of poisoning due to Parmelia and Creiraria species, etc. are mentioned 
in foreign literature. Parmelia molliuacvla has been said to affect sheep and 
cattle, producing lack of coordination of tho bind liinbs, In niore severe case# 
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the animal lies down and is unable to more either its front or hind limbs. 
Little or no information is available about lichens in India and even their 
systematic botany has not been sufficiently worked out. 

(e) Bryophyta (liverworts and mosses) 

This is the least-known group of plants from the view-point of poisoning 
and we have, therefore, nothing to say about it. 

(/) Pteridophyta (vasetilar cryptogams) 

This group includes ferns and allied plants, and unfortunately little or 
no work has been done in India with regard to their toxicity. Greshoff and 
others have reported the presence of hydrocyanic acid in a number of ferns, 
especially when young. Inferences to the supposed poisonous properties of 
the bracken (Pteris aquilina) have appeared in the literature for a long time, 
and Stockman in Great Britain showed that it is poisonous to cattle when 
eaten in considerable quantities. The plant is found in India. Aspidium 
JUix-mas, the male fern, is suspected of being poisonous. The roots are used 
in medicine and large quantities of it produce h*emorrhagic gastro-enteritis, 
tremors, weakness, stupor, coma, acute nephritis, and cystitis. Six drachms 
of the oleoresin have proved fatal in man and three ounces in the cow. This 
fern is not found in India, but since there are several other foreign species of 
Aspidium which are also suspected of being poisonous it may be worth while 
to examine Indian representatives of these plants. Some foreign species of 
Osmundn, Damllia and Adiantum are also suspected of being poisonous, but 
nothitig is known of Indian representatives of these ferns. 

Some of the foreign species of Equisetum (horsetail) have long been re- 
cognized in foreign countries as injurious to cattle and horses. They produce 
an intoxication in which the animals stagger about and wander aimlessly. 
There is no information available in India with regard to the Indian horsetail, 
Equisetum an'ense, but several European and American workers are convinced 
that it is definitely poisonous to horses, while others hold a contrary opinion. 
This plant grows commonly in certain places in India where it might be a 
menace to livestock. 

IT. Phankrooams (the flowerinq plants) 

After having given a very brief survey regarding the toxicological aspects 
of the fVyptogamic flora we will now take up the Phanerogams. Economi- 
cally this is the most important group both for man and animals from the 
point of view of everyday necessities of life, e,g., food, medicines, etc. It is 
probably on account of this that more information is available with regard 
to this group. 

From a toxicological point of view the Phanerogams may be divided 
into two main groups. 

*. Plants poisonous to man and livestock 

(a) Poisonous to man. — Primitive man in his quest for food must have 
come across plants containing poisonous principles by accident and by ex* 
perienoe mnst gpop |mv9 Earned to ayoid them, He even made use of them 
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for the purpose of fighting against his enemies and for procuring his food by 
killing animals with them. Many of the forest tribesmen of India, num* 
beiing 18 millions, use these poisonous plants to fight their enemies and 
to kill game. Among the civilized, poisoning by accident, ignorance or 
intention is met with even at the present time. On the whole, our know- 
ledge is fairly well advanced so far as the relationship of poisonous plants 
to mankind is concerned. 

Some poisonous plants have been used for criminal purposes, but the 
majority of them are used as medicinal agents for the amelioration of human 
suflfer ng. It is well known that many plants, that are harmful to life in large 
quantities, produce remarkably beneficial effects in small regulated doses. 
There is no doubt that in a country like India with a luxuriant flora, cases 
of poisoning with unknown plants do occur, but these are not common. From 
the economic point of view, the abundance of this group of plants in our 
midst is of very great importance inasmuch as it provides us with medicinal 
agents of every description, not only sufficient for our own use but also for 
purposes of export. 

(6) Poisonous to livestock , — The second important aspect of these plants 
is in connexion with poisoning of livestock and here, as compared with other 
countries, our knowledge is very meagre. In India, there are hundreds of 
plants that are intimately connected with the food supply of roughly 220 
millions of the bovine population out of a total of about 730 millions in the 
whole world. The fodder supply for this livestock amounts to at least 33 
million maunds daily (excluding the concentrates that are in use). Even 
in its present unsatisfactory condition, the cattle industry contributes approxi- 
mately 10,000 million rupees to the annual agricultural income of 20,000 
million rupees of this vast country. Unfortunately no figures are available 
of the loss suffered through poisoning with plants in India, but we believe 
these must be enormous. It may be interesting here to give the example of 
two states, Montana and Colorado in the United States of America which 
may give us some idea of the possible damage. In that area it has been 
computed that the loss caused to the livestock industry by plant poisoning 
is in the neighbourhood of 200 million dollars annually. This is a veiy large 
figure considering that the size and extent of these states, as compared with 
India, is less than one-sixth, and also considering the fact that the knowledge 
of the poisonous plants there is well advanced and preventive measures are 
in vogue. 

Though the number of plants which have markedly poisonous pro- 
perties is perhaps small compared with the total species included in the 
Indian flora, there are many which are of common occurrence and which no 
doubt produce serious losses by death or illness among sheep, cattle and 
other domestic animals. The toxic effects produced may be indicated 
by reduction in the yield of milk, the milk may become unpalatable through 
excretion in it of toxic products, or it may evwi become poisonous (e.g. in the 
case of nux-vomica) and thus become unfit for consumption. The flesh of 
the poison^ animals, with the exception of the part where the poison 
been introduced (e.g., by arrow wound) generally remains edible, Ihou^ 
the viscera, especially the excretory organs, have to be discei^edt 
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It may be stated here that animals do not instinct' vely select toxic 
plants as forage, that all classes of livestock are not nectessarily equally sus- 
ceptible to the same poisonous plants, that not all poisonous plants are 
dangerous from their initial appearance up to maturity and that in some 
oases the animals do acquire a depraved apjietite for harmful plants, es- 
pecially when the fodder supply is scarce, a condition which is of frequent 
occurrence in many parts of India. The losses in many cases may be avoided 
by increasing our knowledge about these plants by a systematic study and 
by working out practical preventive measures. 

Prevention . — ^The question arises as to what should be done to prevent 
poisoning by plants. The adage ‘ prevention is better than cure ’ is applicable 
to the problem of plant poisoning with just as much force as in other 
spheres. Often cases are brought to notice when the symptoms have de- 
veloped and the poison has already circulated in the blood stream and done 
irreparable damage to the system. Increased knowledge of the poisonous 
plants is the first step in tins direction and this is sure to have an effect in 
decreasing fatalities among human beings and livestock. Keeping the 
animals away as far as possible from dangerous areas and exercising special 
care during periods of drought are likely to decrease the mortality amongst 
livestock. Eradication of {khsoiious plants is a difficult matter, involving 
an enormous amount of labour and capital, but wherever and whenever 
possible it should be resorted to. This depends ujwn the habits of the parti- 
cular plant. Such plants may be annual, biennial or iMjrennial herbs, or 
shrubs or trees. Annuals complete their life-cycle within one year ; these 
should be pulled out or dug out before seeding. Biennials require two years 
to complete their life-cycle, growing one year, and flowering and fruiting 
in the second ; these may Iw dealt with as the annual.^. Perennial herbs 
last several years, not perishing normally after oiue flowering and fniiting ; 
the above-ground jwrtion dies each year, the root ])ersisting. These are 
propagated both by the seeds and by the underground organs, such as tulwrs, 
rootstocks, bulbs, etc. and may be dug out if not deep'y n)oted. Shrubs 
are woody perennials and should be cut down or dug out. (fitting down 
of lower branches of trees within the reach of animals or children is advocated. 

The indiscriminate iinportiition of ornamenttd plants has recently in- 
creased the number of poisonous plants in India. Some of these do not 
find much <‘ompetition in their adopted home and are spreadinjg or are likely 
to spread in this country at an enormously rapid pace. The time perhaps is 
nut yet ripe to agitate for a law prohibiting the importation of poisonous 
plants for gardens or to take measures to forbid the cultivation of those 
already introduced, but sooner or later it may have to Iw considered. In the 
meantime an appeal may be made to the good sense of the j>eople to limit 
sueb practices as far as possible. The cuttings shotild not be disposed of in 
such a way as to be accessible to livestock. 

The foodstuff dealers should make sure that adulteration is not prac- 
tised mther with poisonous plants or with plants whose properties are dov bt- 
ful. Recent work in connexion with the causation of epidemic dro]>8y at 
the Schoed of IVopical Medicine, has shown that in some epidemics mustard 
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011 adulterated with katakar oU from the seeds of Argemone mexicana Linn., 
the mexican poppy or ahialkata, was the cause of the outbreak. Experimental 
work on human volunteers showed that food cooked in oil containing known 
quantities of argemone oil produced symptoms of gastro-intestinal irritation, 
oedema and cardiac involvement closely resembling those found in epidemic 
dropsy. The active principle present in this oil has a cumulative effect, 
and provided a sufficient quantity of the oil is consumed, symptoms appear 
even though the consumption of the argemone oil or incriininatetl mustard 
oil is stopped. From the evidence available it is clear that the adultwation 
of mustard oil with argemone oil may or may not be intentional on the part 
of those who grow mustard seeds or those who express or sell the oil. The 
plant Argemone mexicana grows abundantly and its seeds bear a superficial 
resemblance to the mustard seeds. 

Food poisons . — In connexion with this group, the question of food poisons 
is of special significance and it will not be out of place to cite a few instancies. 

1. Khesari da!, Lathyrus sativus Linn., an important article of diet in 
man and animals, has been responsible for a large number of cases of iwisoning 
under certain conditions in man, cattle, sheep, pigs, horses, pigeons, ducks, 
etc. Examples of lath 3 aTsm in man in the form of spastic paralysis arc com- 
monly seen every day in the streets of Calcutta and its toxic effects in horses 
and cattle are well known. Moderate amounts of this pulse can be taken with 
impunity. It is only if large amounts are taken, especiaUy to the exclusion 
of other fodders or foods, that the untoward symptoms develop. 

2. Grasses (Oratnineae) form an important part of the food of animals • 
Some of these develop dangerously large quantities of hydrocyanic acid 
under certain climatic and soil conditions, especially at times of tlrought or 
when the plants are wilting, stunted or young. Unfortunately our know- 
ledge of Indian grasses in this cotmexion is meagre and it is not possible 
to estimate the losses in livestock from this source. Prom some of the recent 
work done it would appear that quite a number of these grasses may l>o 
dangerous under conditions that still need to be investigated in India. The 
examples are joioar (Sorghum mdgare Pers.), the Indian millet, which is 
largely cultivated in this country as fodder for cattle and also for human 
food. It has caused serious outbreaks of poisoning among livestock when 
wilted or stunted under drought condit'ons. Sorghum halepense Pers., a tall 
perennial grass with creeping rhizomes and numerous suckers, known as 
Johnson grass, grows all over India under the name of baru in Hindi and 
kaJa-mucha in Bengali. It has been responsible for serious losses among 
livestock during recent years in the N.-W. P. Province where it is known as 
dadam. It has been stated that the amount of hydrocyanic acid in these 
p’ants decreases with the age of the plant but never entirely disappears. The 
points to be remembered about these grasses are that they are dangerous 
during wilting and under conditions of drought, that younger and more 
succulent ones are often more likely to contain lethal doses of hydrocyanic 
acad and, that, if well dried, these plants are gmierally not dangerous. The 
toxicity in the ca^ of oyanogenetic compounds depends on the quantities 
of hydrocyanic acid liberated, and according to the amount and speed at 
which they are eaten. Often such large quantities are givmi that the animal 
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will die before any veterinary aid can be given. The only remedy is pre- 
vention. The problem of poisonous grasses is of great economic imt)ortance 
in certain parts of India where rains often fail and drought conditions prevail. 
In the recent famine in the Hissar district of the Punjab there is little doubt 
that in addition to ravages caused by scarcity of food, the livestock must 
have suffered enormously from this source. 

(3) The linseed plant, Linum vsitaiiaaimum Linn., contains a cyano- 
geiietic glucoside, the maximum amount of which is reached very early in the 
development of the plant and finally disappears, except in the seed, wliich 
still contains small quantities. An oil is expressed from the seeds and the 
remaining cakes are used to feed livestock. Cases of jKjisoning have been 
frequently reported amongst animals feeding on this plant. It is unsafe to 
fecfl the cattle on the immature plant, especially when it is wilted. The cake 
after extraction of the oil should be treatcxl with boiling water to destroy 
the enzyme responsible for liberatii^ hydrocyanic aedd from the gluwside, 
and should not be soaked in cold water overnight. It should be given only 
in small quantities at a time. 

(5) The mustard cake which is fed to cattle after the extraction of oil 
may pnxliue chronic irritant poisoning, colic, lassitude, etc., if fed in large 
amounts and over prolonged loriods, on account of the lil>eration of an essen- 
tial oil by the action of an enzyme on the glucjoside contained therein. The 
danger sofuns to l>e less in the case of saraon seeds than in the case of rai or 
black mustanl. If Ixuling water is poured over the crushed cakes the enzymes 
are destroyed and the cakes become safe. 

(fi) Several memlors of the cucuml>er family {Oucurbiinrme) are edible 
b\it bitter varieties are o(?casionally met with. The latter have a strong 
purgative ai'tioii and should be discarded. liu*identally it may be remarked 
that most of tlie wild members of the family arc toxic. Oolo(^ynth which is 
a }>owerful intestinal irritant is a familiar example. The bitter members of 
this family have more or less a similar action. 

(7) The leaf-blades of rhubarb sp.) may give rise to nausea, 

violent vomiting, purging and abortion on account of having a high percent- 
age of oxalic acid or oxalates in them, wliile i>o such cases have l>eon reported 
from eating the letif-stalk. The fresh leaves ol' l>ect-root (IMa sp.) have also 
pro<!u<rtxl poisoning in livestock on account of the presence of oxalates. 

(8) The [lotato, Sdanum tuberosutn Linn., when sprouting, produces 
dangerously large quantities of the toxic alkaloid, solaninc, and must be 
tlmown away. 

(0) Certain plants, such m buck -wheat (F(Ufopyrum eactilenittm Moench) 
which is largely cultivated for human and animal consumption, under certain 
conditions not yet fully understood, become toxic and give rise to inflamma- 
tory swellings of the face, eyelids and ears. 

ii. Planta poiaonom to insects and fishes 

(a) Insecticidal and insect repellent ploTUs.— The second group of these 
plants are those which are poisonous to insects and pests which do ineal- 
oulabto harm to man in many ways. The finding of cheap insecticides for 
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the diverse needs of agriculture, destruction of household pests, prevention of 
vectors of such diseases as malaria and many others borne by insects is a ve^ 
important problem and one to which a good deal of attention has been paid 
in recent years. It would be no great exaggeration to say that insects 
have been responsible for more loss of life and destruction of property 
than that caused by wars, floods, earthquakes, fires and famines in the history 
of man. Advance in civilization is producing conditions suitable for insect 
multiplication in many places, in spite of aU efforts to the contrary* On a 
moderate computation the annual loss caused to India through insect pests 
has been put at 2,000 miUions of rupees and over a million and a half of human 
lives. An effective defence against these enemies of social and economic 
progress will materially reduce this enormous wastage and facilitate national 
development. One of the necessities for combating this menace is to find 
cheap and effective insecticides, commensurate with the means of the great 
masses in India whoso economic condition is very low. At the present time 
our knowledge of plants bearing insecticidal properties in this country is 
very meagre indeed. A thorough enquiry into this aspect of poisonous plants 
is, therefore, of prime importance to the country. For several reasons vege- 
table insecticides are preferable to the mineral ones, such as arsenicals, 
copper compounds, mineral oils, etc. Those from vegetable sources are 
undoubtedly less deleterious to human beings and other warm-blooded 
animals generally and they are also less harm^ from the point of view of 
agriculture. Most of the mineral insecticides at the present time are im- 
ported from foreign countries and are therefore expensive. So far as 
the insecticides from the plant kingdom are concerned, so little is known 
in this country that we have to depend on those growing in other countries. 
The larger the number of effective insecticides we discover from among 
our poisonous plants the greater will be the chances of their being brought 
into extensive use by the people for medical, veterinary, agricultural and 
household purposes. 

Of the vegetable insecticides of proved value may he mentioned Ghry- 
santhemum {pyrethrum), Derris (tuba-root), Nicotiana (tobacco), Tephro^^ 
Picrasrm (quassia), Deljjhinium (larkspur), Veralrum, etc. Attempt are now 
being made to cultivate pyrethrum in India on account of its effectiveness in 
destroying insects and mosquito larvae. Derris elliptica Benth. is found 
to a very limited extent in India, but several allied species found here are 
worth investigating. Of these Derris ferruginea Benth. has been recently 
shown to contain rotenone and may prove to be a good insecticide. Tobacco 
is largely cultivated in India. Tephrosia vogeUi Hook. /. has been shoum in 
foreign countries to be an efficient insecticide for fleas, lice and ticks and it 
has been suggested that it may be used as a cheap conunercial dip for cattle. 
Some of the other species of Tephrosia are also stated to have insecticidal 
properties, but several of the Indian species although met with in abundance 
remain uninvestigated. Indian species of Picrasma also need investigatian 
and we have been informed that powdered young leaves and twigs of P. 
napaufensis Benn. are used to kill mosquito larvae in Assam. Several Indian 
species of Delphinium are already used for destroying maggots in wounds 
and may be ^tential insecticides. Furthermore it has been stated that the 
alkaloid cytisine is an important oemstituent of the Persiaoi and Anafcraliaji 
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insect powder. This alkaloid, which resembles nicotine in its action, has been 
found in at least six genera of which Btichreata and Sophora are represented 
in India. 

Haokett, Bussell and others (BuUetin of the Health Organisation, League 
of Nations, 1038) discuss the naturalistic methods in practice for the control 
of mosquito larvae and refer to the role of the plant kingdom for this pur- 
pose. It is stated that pollution by vegetable matter in the form of industrial 
wastes has often been tried with success as an anti-malarial measure. In a 
case reported from the Philippines bagasse from sugarcane mills seemed to be 
keeping a stream free from flavirostris ; the refuse from the Government Sisal 
Experiment Station is alleged to have a similar action, while the numerous 
large pits used for macerating canepa hemp in Italy do not breed anophelines. 
Stagnant pools, such as engineering borrow-pits into which green cut vege- 
tation has been thrown, are stated to breed culicines only, anophelines being 
inhibited. The lethal effect of a fortnight-old brew of cut grass is said 
to be remarkable. The extention of this method in the form of ‘ herbage- 
packing ’ to shallow, small-volume, running channels has been advocated by 
Williamson and the present authors. They think that the effect of this is not 
mechanical but biological, and consider that the use of green cut vegetation 
is very important, for dry straw will only result in a hay infusion favourable 
to larval growth. It is not every plant, however, that is suitable in the case 
of running water. According to these authors, ‘ The l)est so far found in 
India are Cleistantkua species and Udorrhena antidysenterica (sic). The first 
of these are fish poisons ; the latter contains several alkaloids.’ 

We are confident, however, that many more plants, mentioned in the 
synopsis at the end of this article would be found equally good or even better 
for this purpose, but the piscicidal plants in connexion with this must be 
employed with caution, since it is inadvisable to use them if the water con- 
tains fishes, or drains into tanks or reservoirs containing them. 

There are also a number of plants which are utilized as insect repellents, 
e.g. roots of costus, Saussurea lappa 0. B. Clarke, 'essential oil from Eucalyptus 
globulus LabiU., leaves of neem, Azadirachia indica Juss., and of patchouli, 
Pogostemon heyneanus Benth., etc. The investigation of vegetable insecti- 
cides and insect repellents frrom among the vast potential resources existing 
in this country will repay scrutiny. 

(6) Plants poisonous to fish. — ^That there are many plants in the Indian 
flora which have deleterious effect on fish is well known. Wholesale poison- 
ing of fish in ponds, streams and pools by means of these plants is very un- 
economical and is not aUowred in any civilized country, but cases are known 
where such plants have come into contact wdth water and enormous numbers 
of fish have died as a result. This aspect of these plants, though not perhaps 
so important as the other, cannot be entirely left out of consideration in the 
study of poisonous plants. The list of plants growing in India having a 
poiaouous acrion on fish is very long wid a large number of them have been 
referred to in the book, Indigmous Drugs of India ; lately considerable addi- 
tions have been made which may be of interest to those wanting further 
information, Hus group is of importance, as some of the insecticides are 
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also piscicides and vice verm and a systematic investigation of this group 
may lead to the discovery of effective insecticides, which is the crying need 
of this country at the present time. 

We have briefly referred to the toxicological aspects of plants growing 
in India in a very general way. A good deal of work has been done in con- 
nexion with poisonous plants in Europe, America, South Africa and other 
coimtries, yet little or no systematic work has so far been attempted in India. 
The senior author was deeply impressed with this regrettable state of affairs 
when he took up work on Indian indigenous drugs nearly twenty years ago. 
Unfortunately it was not possible to start even a genered survey of this group 
till a few years ago when the Imperial Council of Agricultural Research gave a 
grant and added a botanical section to the already-existing unit composed of 
chemists and pharmacologists paid by funds generously given by the Indian 
Research Fund Association twelve years ago. With this team of enthusiastic 
workers a beginning was made. To start with, three thousand circulars were 
sent out to the forest, veterinary, medical and agriculture departments of 
different provinces, to universities and to individual workers all over India. 
Different parts of the country were visited and first-hand information from all 
local sources by extensive investigations carried out in the field was obtained. 
All the existing herbaria were scrutinized, the information thus collected was 
analysed and a monograph on the subject of Poisonous Plants of India is now 
in the course of preparation. A list of nearly 700 plants reputed to be {wison- 
ous to man, livestock, insects, fish, etc., has been prepared which is by far 
the largest so far collected in this country. In the case of many plants, 
poisonous properties are suspected but have not been substantiated by chemical 
analysis and pharmacological experimentation. This is now l>eing done 
so far as is possible with the resources at our disposal and preliminary chemical 
examinations of many important plants are being made. A thorough and 
comprehensive study of aU these plants is the work of many ye<irs, perhaps 
of several generations. In the present work we are getting together all 
available information, botanical, chemical and pharmacological, in connexion 
with poisonous plants growing in India together with all references in the 
literature. The monograph, when completed, will serve as a basis for future 
work on these plants, the importance of which from an economic point of 
view cannot be overrated. 

A conspectus of poisonous Phanerogams (including food poisons) grow- 
ing in India, either in a state of nature or under cultivation, is appended. 
This will give some idea as to the ground covered in our recent investigations 
and the scope of the monograph, which will be profusely illustrated. The 
plants have been dealt with according to Bentham and Hooker’s system of 
classification and the important active principles occurring in each family 
have been given and the main effects produced have been briefly discussed. 
Special attention has been paid to the nomenclature of plants and adherence 
to the International Rules has caused, unfortunately, several departures 
from the names used in The Flora of BriUtih India. A large number of plants, 
as described in that monumental work, are differently understood or are 
differently named or spelt by modem botanists. Some of these changes have 
now become well known in India, In this brief article, we have not attempted 
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to point out all departures from The Flora of British India, but have only 
indicated some of the less-established changes in this direction which were 
considered necessary. 

We take the opportunity of expressing our gratitude to the Imperial 
Council of Agricultural Research for the generous grant to this inquiry and 
to all our colleagues of the indigenous drugs inquiry and of the Calcutta 
School of Tropical Medicine, the forest, agricultural, veterinary and medical 
departments of various provinces and Indian states, the Superintendent, 
Royal Botanic Gardens, Sibpur, the Botanical Survey of India, the chemical 
examiners, universities, and other individuals who have helped us in this 
important work, both in the field and in the laboratories and herbaria. 
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(With one text-figure) 

Introduction 

W ITH the cornmencemont of the sugarcane research scliemc for the Dcccan 
financed by the Imperial Council of Agricultural Research, located at 
Padegaon, the problem of testing sugarcane varieties was the main item of 
work, which involved a proper sampling of cane for chemical analysis. On the 
Manjri Sugarcane Experimental Station, an arbitrary method of sampling for 
chemical analysis wits adopU^d by taking two random clumps in the main 
plot (which varied from 4 to 6 ganthas*), A good deal of difficulty is being ex- 
perienced at various agricultural stations in India for lack of a proper sampling 
technique for chemical analysis, 

A fairly complete bibliography on the work done by different workers on 
this subject is given in a recent publication by Narain and Singh in this 
Journalf . But there is necessity at ail stations for undertaking research work 
which will lead to the best method of sampling for chemical analysis. 

It may be mentioned here that at Padegaon, cane is planted in January 
or February, and is given 34 to 36 irrigations during the 12 months of its 
growth. During the maturity period from December onwards till February 
or Miiroh, when cane is harvested, the weather remains dry, and is unaffected 
by frost or rainy weather. 

The following terms have boon used in this paper : — 

(a) Clump sampling, — ^This is used to donoto the number of canes 
obtained from a three-eyebud set, 

(6) * Tvoo feet ’ strip sampling, — This is used to denote the number of 
canes obtained from a ‘ two-feet ’ strip, which may consist of a 
single clump, or two or more clumps. 

♦ 1 guntha^ 1/40 £icre 
t Vol. 7* part IV 
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Material 

A block of land planted with the variety Co 360 was chosen for the study 
of sampling for chemical analysis. The cane was planted in February 1934. 
The total area of the block was 128 cents*, and consisted of 32 plots, each 
measuring 4 cents (54 '44ft. X 32ft.). Prom these 32 plots, four plots were 
chosen at random for this work, as showm in the accompanying plan. 

Plan showing the location of plots in the block and random spots from 
where samples were collected 



Figures in thick type show ti e spots in half-portions in a sub-plot (into which a 
plot is divided) from where samples have been taken. 

Duration of work. — ^The sampling work was carried on for a period of six 
days — from the 7th to 12th February 1 936. The first four days were devoted 
to clump sampling and the remaining two days for ‘ two-feet ’ strip sampling. 
During the course of the work, extraction tests, as also juice and cane 
analysis were conducted from day to day, and data with regard to these are 
presented in Tables I and II : — 

*I oentao 1/100 acre 
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Table I 

Extraction of juice (variety Co 360) 


Serial 

No, 

Date 

i Weight of 
cane in lb. 

Weight of 
juice in lb. 

Percentage 

of 

extraction 

i 

Remarks 

1 

8 February 1935 

2,000 

1,296 

64-8 


2 

8 February 1935 

2,000 

1,306 

66-2 


3 

9 February 1935 

2,000 

1,306 

65*3 

Extraction teste 
taken on Chat- 

4 

9 February 1935 

2,000 

1,304 

65-2 

teoiuga No. 45 
power mill 

5 

11 Fcibruary 1936 

1,843 

1,198 

65*0 

6 

11 February 1936 

768 j 

490 

64*6 


7 

12 February 1935 

1,129 

763 

1 

67-6 


8 

12 FeV)ruary 1935 

1,413 1 

1 

953 

! 

67-4 



Table II 

AncHyeia of juice and cane (of Table I) 


Serial 

No. 

Date 

• 

1 

Juice analysis 


1 Cano analysis 

Brix 

Suc- 

rose 

( 

1 Glu- 
< cose 

Purity 

Suc- 

rose 

per 

cent 

Fibre 

per 

cent 

1 

8 February 1935 

19*66 

173*6 

0*60 

89*17 

14*58 

12*90 

2 

8 February 1935 

21-16 

19*63 

0*33 

92-79 

16*45 

11-42 

3 

9 February 1935 

21 19 

20*45 

0*18 

93-36 

16*93 

13-81 

4 

9 February 1935 

21-67 

20*05 

0*28 

92-63 

17*41 


5 

11 February 1935 

22-97 

21*33 

0*32 

92-87 

18*18 


6 

11 February 1935 

19-82 

1 

17*92 

0*68 

90-38 

16*07 

11*98 

7 

12 February 1935 

21-43 

19*58 

0*49 

91-37 

16*69 

12-61 

8 

1 

12 February 1935 

22-17 

20*34 

0*34 

91-77 

1 

17*58 

11*01 
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The power-driven mUl used in these tests was Chattanuga No. 46. Simi< 
larly, for obtaining juice for analysis of clumps and ‘ two-feet ’ strips, the same 
mill was used. 


Statistical bxabonation of the data 

Thick figures in the plan indicate the locations or squares from which 
clumps were taken ; each square was 1 1^ ft. in length, and squares were taken 
at random to make up in all 45 clumps from each plot. The number of squares 
so taken varied from nine to twelve in the four plots taken. 

Two-feet strip samples were similarly taken from the squares adjoining 
the ones from which clumps were taken. The number of two-feet strips taken 
from each square was four to make up 36 strips per plot. 

The data thus consist of 45 clump samples from each of four plots and 36 
two-feet strip samples also from each of the same four plots, providing com- 
parison between the two methods of sampling. 

For clump sampling, number of canes per clump, average weight per cane, 
brix and sucrose percentages are calculated and given in the appendix. For 
two-feet strip samples, similar data were calculated except sucrose percentages. 

Number of canes per clump varied between two and eight in two plots, 
between two and ten in the third plot and between two and nine in the fourth 
plot. The analyses of variance of the number of canes per clump and average 
weight per cane are given in Table III. 


Table III (a) 


Number of canes per dump 


Dae to 

Degrees of 
freedom 

Sum of 
squares 

Mean 

square 

Between plote 

3 

20*33 

6*7778 

Between clumps and within plote 

176 

512*22 

2*9103 

Total (between clumps) 

179 

532*55 



Aiverage toeight per cane per dump 


Between plots 

3 

10-7464 

3-5821 

Between clumps and within plots 

176 

100-4061 

0-6216 

Total (between clumps) 

179 

120-1625 

•• 
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Table III (6) 
Ttvo-feet strip sampling 


Number of canes per strip 


Duo to 

Degrees 

of 

freedom 

1 Sum 
of 

squares 

Mean 

square 

Between plots . 

3 

26-7986 

8-9329 

Betweenstrips and within plots 

140 

489-0278 

3-4930 

Total (between strips) | 

143 

515-8264 

-- 

Average xveight per cane 



Betwe^on plots 

3 i 

1 

1 14-0538 

! 1 

4-6846 

Betwtjcn 8tri{ s and within plots 

1 

140 j 

74-3362 

; i 

0-6310 

Total (between strips) 

143 

1 88-3900 ' 

1 



The coefficient of variation for number of canes per clump is 36 • 80 per 
cent and number of canes per two-feet strip is 36 • 54 per cent. Hence there is 
a high variation in the number of canes per sample which is about the same in 
both the methods. For the average weight of cane the two methods gave co- 
efficients of variation of 24*22 per cent and 21*98 per cent which were also high. 

To study whether there is any correlation between the number of canes 
per clump or per two-feet strip and average weight per cane the analysis of 
covariance was worked out and the results are given below ; — 


Table IV (a) 

Analysis of covariance (clump sampling) 


Due to 

Degrees 

of 

freedom 

i 

Sum 

of 

products 

Mean sum 
of 

products 

Plots 

3 

j 

2-8562 

0-9521 

Within plots 

176 

-62-4427 

-0-2980 

Total 

179 

-49-5865 

•• 
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Table IV (6) 


Analyais of covariance (strip sampling) 


Due to 

Degrees 

of 

freedom 

. 1 

Sum 

of 

products 

Mean sum 
of 

products 

Plots 

8 

-6-8856 

-1-7952 

Within plots 

140 

-60-7861 

-0*4342 

Total 

143 

-66-1717 

• • 


The correlation coefficient after elimination of plot-variance works out to 
be —0*2216 (P<0 06) in clump sampling and —0*3188 (P<0* 06) in strip 
sampling. Tl^ shows that there is a significant negative correlation, though 
not very high, between the number of canes per clump and average weight per 
cane. 


Relation between weight and sttcrose percentage (dump sampling) 

Kg. 1 shows the relationship between total weight of cane and sucrose 
percentage. There seems to be no correlation between these two factors and 
this agrees with the conclusions obtained by Davies [1930] working at 
Trinid^. 

The analysis of variance for the data of sucrose percentage (in clump 
sampling) is as below ; — 


Table V 


Analysis of variance (sucrose percentage in dump sampling) 


Due to 

Degrees 

of 

freedom 

Sum 

of 

squares 

Mean 

square 

Petweeu plots 

8 

181*8810 

40*6270 

Within plots 

176 

124*8804 

0*7095 

Total 

178 

846*7614 

• • 
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Briz sampling 

The brix figures are available for both the methods of sampling studied 
in thin paper, and analjcses of variance for ‘ brix ’ are given below : — 


Table VI 
(a) Clump sampling 


Duo to 

Degrees 

of 

freedom 

Sum 

of 

squares 

Mean 

square 

Between plots 



3 

82-7135 

27-6712 

Within plots 



176 

121*7569 

0-6918 



Total 

179 

1 

204-4704 

! 

(6) Two-feet strip sampling 



Between plots 



3 

36-5198 

12-1733 

Within plots 



140 

99-8934 

0-7136 



Total 

143 

136-4132 


1 

The arithmetic mean, standard deviation and coefficient of variation are 
shown below : — 

(o) Clump sampling 

Mean 

22 02 

(6) Two-Jeet strip sampling 
Mean 

22-26 

St€uidard deviation 

0-83 

Standard deviation 


0-84 

Coefficient of variation 

3-76 

Coefficient of variation 

3-77 


The standard error of the mean of 45 units for clump sampling is 0*123 
and this gives an idea of the extent to which the mean is likely to vary from the 
mean of the entire field. The plot brix mean percentages per clump for the 
four plots are 22' 52, 22*17, 20*87, 22*51. In the case of two-feet strip 
sampling the standard error of the mean of 36 units is 0*140 and the plot 
means are 22*71, 21*53, 22*05, 22 *74. These show that we may consider 
that the samples by either method are fairly representative of the field. 

Size of the sample for any standard of accuracy 

From a knowledge of the extent of variation from sample to sample it is 
possible to calculate the number of clumps or the number of strips as the case 
may be which should be taken from a plot in order to measure a difference of 
say 5 per cent in brix readings and for any standard of accuracy, say at P=0* 05 
or P=0 01. This may be calculated easily or read directly from published 
tables [Vaidyanathan, 1936]. Using these tables for P=0*06, we get the 
number of clumps or the number of two-feet strips to be five for the plots 
considered, i.e, of area 0*04 acre (the coefficients of variation being about 
3*8 per cent in either case). 
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Similarly for the sucrose percentage which gives a coefficient of variation 
of 4*17 per cent, the number of samples (clumps) required to measure a 6 
per cent difference in sucrose percentage at P=0-05 also comes to five. 

Summary 

Two methods of sampling for chemical analysis have been tried, one on tht 
basis of 46 clumps per plot and the other on the basis of 36 two-feet strips 
(taken at random). The number of samples required by either method to 
measure differences of the order of 6 per cent for P=0'06 in brix or sucrose 
percentage have been found to be five. 

The extent of variation and correlation between average weight of cane 
and number of canes per sampling unit by both the methods, and also the 
correlation between weight of cane and sucrose percentage in the case of clump 
sampling have been examined. 
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Aivendiz I 

Clump sampuno 
P. No. 29 


Sample 

No. 

No. of 
oanes per 
oliunp 

Average 
weight 
per oano 

Brix 

Sucrose 
in juice 

1 

4 

3-62 

21*94 

20*27 

2 

3 

4*33 

21*38 

19*99 

3 

7 

3*57 

21*82 

20*16 

4 

2 

6-26 

21*64 

20 00 

5 

5 


22*79 

20*90 

6 

5 

4*00 

20*90 

19*40 

7 

4 

3*69 

22-87 

21*12 

8 

3 

3*25 

21*53 

20*05 

9 

3 

3*08 

22*77 

20*96 

10 

5 

3-36 

20*77 

18*66 

11 

5 

2*65 

23*15 

21*25 

12 

4 

2*37 

23*29 

21*40 

13 

4 

2*58 

23*35 

21*42 

14 

6 

3-36 

23*12 

21*20 

15 

5 

3*05 

22*80 

21*17 

16 

3 

3*42 

22*50 

20*74 

17 

3 

3*83 

21*60 

19*79 

18 

4 

2*50 

23*04 

21*14 

18 

4 

3-26 

22*54 

20*79 


6 

4*20 

23*04 

21*38 

21 

6 

3*91 

22*62 

20*84 

22 

3 

2*50 

22*23 

20*46 

23 

5 

2*10 

23*54 

21-79 

24 

3 

2*92 

23*10 

21*33 

25 

2 

3*87 

23*22 

21*31 

26 

4 

2*81 

22*94 

21*01 

27 

6 

3 00 

22*99 

21*12 

28 

7 

3*11 

22*74 

21*01 

29 

4 

2-10 

22*03 

20*27 

so 

3 

8-87 

23*37 

21*64 

31 

4 

212 

22*70 

20*92 

88 

3 

2*58 

21*15 

19*25 

88 

6 

3*29 

23*10 

21*49 

34 

6 

1*87 

21*55 

19*90 

35 

8 

2*50 

23*27 

21*50 

36 

7 

2*55 

22*50 

20*76 

37 

4 

4*24 

22*97 

21*25 

38 

6 

3*16 

22*53 

20*79 

39 

6 

3*18 

22*59 

20*79 

40 

6 

2*54 

21*98 

20*27 

41 

6 

2*46 

23*00 

21*38 

42 

4 

4*00 

22*43 

20*61 

43 

6 

1*98 

22*67 

20*92 

44 

5 

3*00 

22*57 

20*84 

45 

5 

2*50 

22*90 

21*04 
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P. No. 18 


Sample 

No. 

No. of 
canes per 
clump 

Average 
weight ' 

]>(T caru* 

" - ^ 
1 

Hrix ! 

1 

Sucrose 

in 

j nice 

1 

5 1 

2-32 , 

22*43 i 

19*85 

2 

6 

4 00 

22*43 j 

1 20*34 

3 

6 

3 00 

21*78 ! 

19*87 

4 

6 

4-75 

21 *40 

i 19*59 

5 

7 

4-50 1 

22 35 

20*46 

6 

7 

3-35 i 

21*29 

19*56 

7 

5 

410 I 

22 63 

20*95 

8 

4 

3-31 

22*96 : 

21*21 

9 

6 

3*96 

22 • 30 1 

20*61 

JO 

3 

4 • 58 

22*76 1 

20*74 

11 

2 

2-62 

22*58 

20-84 

12 

7 

3-50 

20 69 

18-92 

13 

5 

4 95 

20-60 

18-65 

14 

5 

3-65 

22*63 

20-45 

15 

3 

4-66 

22 09 

20-27 

16 

2 

2-50 

23*09 

21*24 

17 

3 

2-58 

21 76 

19*98 

18 

3 

3*00 

21 *89 

19-60 

19 

4 

3*62 

21 -96 

19*94 

20 

8 

2 75 

21 *96 

20 07 

21 

2 

4 • 25 

23 * 26 

21*17 

22 

,3 

2 42 

21*89 

20-20 

23 

4 

4 • 56 

22 30 

20*34 

24 

3 

4 16 

22 63 

20-74 

25 

4 

3* 12 

22 • 76 

20-98 

26 

8 

2 44 

21 *91 

20*30 

27 

5 

2*55 

22* 13 

20-17 

28 

2 

3 • 25 

2 1 • 47 

19-77 

29 

5 

4*90 

20 75 

19-42 

30 

7 

4 * 86 

21*67 

19-79 

31 

5 

3(»0 

22*40 

21-33 

32 


2 54 

21 -69 

19*82 

33 

4 

2*87 

22 98 

21 -04 

34 

8 

2 ’87 

22-75 

20-90 

35 

3 

4*08 

23 07 

20-82 

36 

7 

3 43 

22 80 

20*90 

37 

3 

3 * 92 

22 * 32 

i 20*84 

38 

5 

5 * 45 

20*73 

18*93 

39 

4 

4*19 

21-60 

19*74 

40 

3 

3*75 

20-90 

18 85 

41 

4 

3*94 

22-59 

20-73 

42 

4 

3*06 

22*73 1 

20*96 

43 

2 

3*00 

22*70 I 

20*64 

44 

4 

3*31 

23*(K> 

21*16 

45 

3 

5*00 

1 

22 * 90 

21*20 
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Sample 

No. 

No. of 
canes per 
clump 

Average 

weight 

I>or cane 

Brix 

Sucrose 

in 

juice 

1 

8 

2*89 

21*58 

19*59 

2 

3 

2-66 

22*53 

20*61 

3 

3 

316 

21*70 

19*72 

4 

5 

4 00 

1 22*13 

20*30 

5 

5 

3 <10 

1 20*38 

18*50 

6 

4 

4-25 

1 20*73 

18*53 

7 

6 

2-30 

1 20*33 

18*10 

8 

7 

2-93 

1 20*16 

18*05 

9 

8 

212 

1 18-20 

15*53 

10 

7 

4-57 

J 20*65 

18*58 

11 

3 

4 00 

: 21-62 

19*56 

12 

i 5 

4-30 

1 22-60 

20*79 

13 

! ^ 

3*00 

! 21*43 

19*67 

14 

; 4 

3 62 

! 22*10 

20*27 

15 

1 6 

2 00 

20*83 

18-61 

16 

! 4 

1 2-44 

21*56 

19*32 

17 

i 5 

' 2*30 

19*76 , 

17*29 

18 

; 6 1 

1 2-83 

; 19*10 1 

16*69 

19 

f 4 1 

! 3- 60 

1 20-80 

18-81 

20 

8 1 

1 319 

19*94 

17*51 

21 

' ^ i 

1 319 j 

i 20*62 

18*28 

22 

! 3 i 

i 3»2 1 

1 22-06 

20-25 

23 

I ^ ' 

1 2*25 

22*09 

19-85 

24 

4 

2-81 

18*68 

16*55 

25 


3 04 

20*32 

18 11 

26 

5 

2-25 

18*61 

15*87 

27 

5 

3-50 j 

20*91 

18*96 

28 

8 

2-94 j 

19*66 

17-32 

29 

6 

316 I 

20*96 1 

18*28 

30 

8 

2 62 ] 

21*59 1 

19*42 

31 

4 

4*25 ' 

21*57 ! 

19*53 

32 

4 

312 ; 

21*73 1 

19*93 

33 

7 

2 75 

20*15 j 

17*98 

34 

6 

2-50 1 

18*30 1 

15*76 

35 

3 

4-50 1 

19*62 ! 

17*64 

36 

3 

5*50 

22*77 

20*92 

37 

5 

3-80 

22*20 

20*27 

38 

4 

3*50 i 

22*39 

20*23 

39 

3 

6-26 ' 

22*70 

20*84 

40 

4 

3-62 

20*85 

18*76 

41 

10 

2-37 

20*59 

18*18 

42 

7 

2-71 

20*58 

18*61 

43 

2 

2-25 

20*96 

19-12 

44 

8 

2*56 

21*00 

19*23 

45 

3 

2*83 

20*06 

17*47 
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P. No. 21 


Sample 

No. 

No. of 
canes per 
clump 

Average 
weight 
per cane 

Brix 

Sucrose 

in 

juice 

1 

i 

2 

2*87 

23*06 

21*40 

2 

4 1 

3*34 

22-70 

21*12 

3 

2 1 

2-62 

23-64 

21*91 

4 

5 ! 

3-30 

22*60 

20-68 

5 

4 

2-26 

22*56 

20*82 

6 

4 ' 

2 00 

23*10 

21*04 

7 

9 

2-78 

21*91 

19*91 

8 

3 i 

3-87 

22*38 

20*76 

9 

2 ! 

2-44 

22-66 

21*06 

10 

2 i 

3*63 

22*34 

21*09 

11 

4 ! 

2-60 

22-66 

20.79 

12 

« 

3*12 

22*34 

20-39 

13 

« ; 

1-68 

22*87 

20-93 

U 

7 1 

2*9) 

22-63 

20*53 

15 

5 ; 

2*40 

21*36 

19*74 

16 

3 

2*92 

22-24 

21*06 

17 

3 

2*83 

22-97 

20*96 

18 

! 3 

2-25 

22*81 

20*96 

19 

' 4 

3-81 

22-89 

21*37 

20 

7 

3-68 

1 22*66 

20*79 

21 

4 

1-78 

20*49 

18*44 

22 

r. 

217 

' 22*12 

20*03 

23 

3 

2-60 

> 22*89 

20*45 

24 

^ 3 

3*96 

I 22*70 

21*01 

25 

3 

2*29 

1 23*07 

21*39 

26 

: ^ 

3-60 

i 22*69 

20*95 

27 

6 

3*60 

1 22*66 

20*74 

28 

1 3 

4*37 

22*52 

20*82 

29 

i ^ 

2-83 

1 22 96 

21*36 

30 

4 

3 94 

j 22-56 

20*53 

31 

I 4 

1*97 

1 22*71 

20*61 

32 

1 2 

3*62 

} 23*04 

21*75 

33 

3 

2*54 

{ 22*76 

20*93 

34 

1 7 

1*75 

! 21*32 

19*74 

35 

3 

2*42 

: 21*68 

19*69 

36 

i ^ ’ 

3*84 

! 22*43 

20*66 

37 

! 5 

2*85 

i 20*76 

18*93 

38 

7 ' 

2*21 

! 22*10 

20*54 

39 

8 1 

1 2*64 

I 22*69 

21*01 

40 

3 

2*83 

22*31 

20*56 

41 

3 

; 5*08 

22*93 

20*82 

42 

4 

; 2*78 

, 22*79 

20*84 

43 

2 

1 3*25 

' 23*31 

21*44 

44 

3 

3*66 

22*56 

21*01 

45 

5 

1 3*27 

1 22*56 

21*06 
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IX 


Appendix n 

Two-fbet strip sampling 
P. No. 29 


Samplo 

No. 

No. of 
canos por 
strip 

Average 
weight 
per cane 

Brix 

1 

3 

4-75 

22*13 

2 

5 

3-20 

22*63 

3 

8 

3-67 

22*70 

4 

3 

4*66 

21*91 

5 

5 

4-30 

23*18 

6 

7 

2-82 

23*36 

7 

4 

1-44 

21*69 

8 

4 

2-75 

23*18 

9 

2 

3 00 

22*85 

10 

5 

2 42 

23*18 

11 

6 

2 46 

22*40 

12 

7 

3 78 

23*23 

13 

5 

3-90 

23*73 

14 

2 

3-75 

22*83 

15 

5 

3 35 

23 * 10 

16 

<i 

2-29 

23*09 


4 

3 • 75 

22*86 


4 

4 53 

21*23 

19 

7 

3 34 

21*21 

20 

3 

3 33 

23 36 

21 

4 

2 22 

22*87 

22 

5 

2 20 

22*70 

23 

3 

3 00 

23*21 

24 

8 

1 86 

22*97 

25 

2 

3-62 

22*80 

26 

9 

311 

21*70 

27 

5 

1 3-00 

22*33 

28 

5 

1 2*50 

22*86 

29 

5 

2*47 

22*77 

30 

4 

2 • 75 

22*23 

31 

5 

2 27 

23*21 

32 

7 

2*18 

22*93 

33 

7 

1*78 

22*53 

34 

4 

2‘66 

23*19 

35 

5 

3*30 

22*16 

36 

4 

3*28 

23*28 
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P. No. 17 


1 

Samplf^ 1 

No. j 

1 

No. of 
canes per 
strip 

1 

Averapfo 
weight 
p(‘r cane 

Brix 

! 

1 

7 

3-39 

20*27 

2 ! 

6 

5)6 

22-76 

3 i 

5 

2 42 

22*23 

4 i 

4 

3-78 

22-37 

6 ; 

6 

4-33 

21*47 

6 ; 

6 

3-75 

22-03 

7 

8 

319 

22*33 

8 

6 

2-81 

22-61 

9 

6 

2-96 

21-82 

10 

7 

201 

22 63 

11 

5 

3 0.') 

22 • 69 

12 

4 

2-47 

21 *90 

13 

4 

2-«S 

20-94 

14 

2 

5 00 ! 

21 -23 

15 

8 

2 • 53 

20*16 

16 

8 

2-28 

22-10 

17 

4 

3*37 

20-11 

18 

7 

31J 

21 *93 

19 

5 

3 00 

23 • 29 

20 

5 

2-58 

21 *77 

21 

I 5 

3 • 55 

21 -00 

22 

‘ 7 

2 21 

19-66 

23 

! 12 

1 

2*85 

19*96 

24 

1 

8 

2-94 

24-03 

25 

4 

3 • 75 

21*77 

26 

3 

3-37 

22*98 

27 

8 

3*62 

23*13 

28 

5 

3-25 

22-17 

29 

6 

3*77 

20*91 

30 

7 

4 ' 30 

21 *00 

31 

4 

3 • 25 

21*26 

32 

8 

2*45 

19*13 

33 

6 

2-50 

19*76 

34 

7 

3 07 

19*82 

35 

5 

1*95 

20*55 

36 

2 

4*12 

21-22 
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P. No. 18 


Sample 

No. 

No. of 
canes per 
strip 

Average 
weight 
per oane 

Brix 

1 

4 

1 

3-60 

21*63 

2 

4 

3-60 

23*27 

3 

6 

3*17 

22*60 

4 

2 

6-60 

22*33 

5 

4 

4-00 

20*66 

6 

5 

3-60 

22 00 

7 

6 

j 4-92 

22*27 

8 

6 

1 400 

21*83 

9 

4 

1 425 

20*92 

10 

7 

3*14 

22 00 

11 

9 

2-44 

21*90 

12 

5 

4*00 

22*23 

13 

3 

1 4*33 

22*49 

14 

3 

' 3-00 

22-69 

15 

3 

4*17 

21*00 

16 

4 

2-62 

21*06 

17 

5 

6-60 

22*59 

18 

7 

3-43 

22 23 

19 

6 

4-26 

22*53 

20 

4 

[ 3-76 

21*60 

21 

5 

4-60 

22*96 

22 

3 

4-33 

23*17 

23 

3 

4-67 

22*26 

24 

i 

6 

3-40 

19*20 

25 

7 

3-37 

22*76 

26 

2 

3-60 

22*69 

27 

6 

3-68 

22*66 

28 

4 

4-60 

19*66 

29 

4 

3-60 

21*93 

30 

2 

4-50 

22-43 

31 

5 

2-80 

22*93 

32 

9 

3-67 

22*86 

33 

6 

4*00 

22*86 

34 

3 

3-60 

23*04 

36 

4 

3-82 

22*39 

36 

8 

4*06 

20*42 
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P. No. 21 


Sample 

No. 

No. of 
canes per 
strip 

Average 
weight 
per cane 

Brix 

1 

5 

3*80 

22*90 

2 

4 

3*12 

22*99 

3 

8 

2-94 

22*97 

4 

4 

2*38 

23*43 

5 

8 

2-44 

22*70 

e 

3 

3 -SO 

22 * 80 

7 i 

4 

3-62 

22-80 

^ ! 

4 

3-62 

23-2» 

9 

8 

3-44 

23*43 

10 

6 

2 42 

22-63 

11 

4 

3 37 

23*06 

12 

9 

3*33 

22*60 

13 

5 

3-50 

22*13 

14 

3 

2-83 

23-11 

15 

4 ’ 

2-25 

22-88 

16 

6 

2-83 

22*01 

17 

: 5 

2- 20 

22*83 

18 

3 

3 ’67 

21*76 

19 

! 3 

4*67 

22*67 

20 

; 2 

3-50 

22*93 

21 

3 

3 0U 

21*69 

22 

1 ^ 

3 25 

23*06 

23 

I ^ 

3 00 

23*10 

24 

3 

3-66 

23*29 

25 

4 

3 76 

22*35 

26 

6 

3 42 

22 73 

27 

3 

3 67 

23*24 

28 

1 4 

3 00 j 

22*43 

29 

9 

2*67 i 

22*46 

30 

4 

4 00 

22*84 

31 

4 

1-88 

21*96 

32 

3 

4*33 

22*26 

33 

4 

3-50 

22*99 

34 

7 

3 29 

23*10 

35 

8 

2*19 

22*66 

36 

5 

2-00 

22*63 
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Introduction 

A S yet there is no satisfactory method of classifying the red soils which 
occur in different parts of India. They are often designated as laterites or 
lateritic, irrespective of their physico-chemical properties. The present })a|)er 
aims at classifying some of the typical red soils in India from studies of base- 
exchange properties of the soils including the study of buffer curves and of 
total exchangeable bases and the percentage base saturation. The changes in 
the water-holding capacities and percentages of imbibitional water of tiie soils 
after saturation with lime at pH 7* 1 have also been studied. 

Experiments and resui.ts 
A, Buffer curves 

(a) Determination of buffer curves , — ^The determination of lime-recpiire- 
ments of soils at different pH values and the examination of the buffer curves 
were carried out by following essentially the method devised by Schofield 
[1933], The principles of this method are : (a) that the solution of an acid 
has maximum buffer action at its half neutralized stage, and (b) that if a soil be 
shaken with a mixture of lime and an organic acid whose calcium salt is soluble, 
the soil will take up base from the solution or give up base to the solution de- 
pending on the relative differences in the pH values between the soil and the 
solution. Hence by shaking a weighed quantity of a soil with a mixture of 
lime and the organic acid, we can bring the acid to the half-neutralize/<l stage. 
If the amount of base-ujitake be plotted as abscissa and the corresponding 
pH values as the ordinate, the characteristic buffer curve of a soil would be that 
which passes through the plotted points on the cuiwe. 

The organic acids which were used in these determinations and their pH 
values at half neutralized points are as follows : — 

Name of acids Formula \iH at half neutralized point 


Monochlor aoctic . 

. CH.Cl.COOH 

2.9 

Acetic . . , . 

. OH,COOH . 

4*6 

p-nitrophenol 

. C,H4 (NO,) OH 

7*1 

Phenol . . . , 


9*8 


The uptake of bases at pH 1 • 3 and 12*5 were determined by treating the 
soils with 0* 05 hydrochloric acid and 0*04 JV barium hydroxide respectively 

( 82 ) 
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(6) Determination of pH.— The pH values were obtained at sod • water 
ratio of 1 : 2 - 6 by Kuhn’s barium sulphate method and a HeUige colorimeter 

(c) Determination of percentage carbonate contents. —The carbonate con- 
tents of soils were determined by Collin’s calcimeter. 

(d) Determination of saturation capacity at pH 7-0.— The saturation capa- 
cities at pH 7 0 were determined by the barium-acetate-ammonium-chloride 
method of Parker [1929]. 

(c) Determination of total exchangeable bases.— The total exchangeable 
bases of the soils were determined by the method of William [19291/ The 
observed figures of exchangeable bases were corrected for the carbonate 
contents of the soils, wherever the soil contained measurable amounts of car- 
bonate. Since the carbonate contents of the soils were never very large, such 
a correction was thought to be justifiable. A blank determination using no 
soil was made in order to correct for the exchangeable bases in the reagents and 
in the filter paper employed. 

(/) Determination of exchangeable caicium.— The method of determining 
exchangeable calcium was essentially that used by WilUams [1929]. The 
observed figures of extihangeable calcium were corrected for the carbonate 
figures. Here again sine® the percentage of carbonate in the soils was in all 
cases quite low, such a correction was thought to be justifiable. 

Results and discussions 
A. Buffer curves 

Tlie data on the uptake of base at different pH values are shown in 
Table 1. 

Table I 


MiUi equivalent base taken up by 100 gm. of or>er-dry soil 


Lab. 

No. 

pH 

13 



pU 

I 2*9 

1 pH 
; 4*6 

pH 

7*1 

! pH 
j 9*8 

12*6 

Fig. 

No. 

ip 

—4 0 

— 1*8 

1 

1*2 

6*6 

16*4 

21*6 


2p 

4-2 

—2 0 

3*7 

8*6 

21*3 

29-7 

[ 1 

3p 

-7-9 

-^2*9 

3-2 

7*4 

21*0 

30 6 1 

J 

4p 

_1.7 

—(>•6 


2-7 

1 7*6 

10*9 


6p 

—5*8 

—19 

0-7 

3*4 

11*0 

16*4 


«P 

-111 

-5-4 

—1*3 

3*3 

16 2 

26*0 


7p 

-MO 

—13-2 

—9*1 

—2*1 


13*8 

J 

8p 

—5-5 

-2-5 

—0*9 

0*9 


7*3 


lOp 

—34*2 

—16*9 

—3*9 

4*4 

19*7 

31*3 

] 

Up 

— 18*6 

—10-8 1 

—81 

2*6 

181 

31*7 

1 3 

]2p 

—12-8 

—8*0 ! 

—2*9 

1*6 

13 6 

24*9 

J 

Up 

—61 

—30 

—0*7 

3*1 

16*1 

22*3 


I8p 

— 9-0 

—4*3 

—2*6 

1*3 

6*7 

12*7 

■] 

i9p 

—23-4 

—6*6 

—1*6 

2*6 

13*7 

24*7 

r 4 

20p 

—30-9 

—6*9 

—1*7 

1*3 

4*4 

16*1 

J 
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Fro. 2. Milli equivalmt baao taken up by 100 gm. ovwi-dry soil (Suri, Bengal) 

As typical examples of the nature of the buflFer curves, those of the samples 
from Dacca (Bengal), Suii (Bengal), Bidar (Hyderabad), Himayatsagar 
(Hyderabad), Raipur (C. P.), and Nil^i Hills (Madras), are shown in Figs. 1-5. 
It wiU be noticed tiiat almost all the curves indicate a more or less definite 
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inflexion at pH 9 * 8 and a second inflexion either at pH 2 ■ 9 or at pH 4-6. It 

ATI 

was felt desirable to determine the buffer values (p = ApH~^ at pH’s 2 *9, 

4- 6 and 9* 8 from the buffer curves. Table II shows the calculated buffer 
values. 



Fro. 3. Milli equivalent base taken up by 100 gm. oven-dry soil (Bidai. Hyderaba,!) 
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Fia. 6. MUli equivalent base taken up by 100 gin. ovon-tlry soil (Nilgin Hills, Madras, 

3,000 ft. above sea-level) 



IMe ifibiAN jotjjRNAL ot AGfelCtiLitiRAL SCiEl^CE 


^maasmssi 

I H HfcaiMgaui 

liM — —a 


7. MiUi equivalent base taken up by 100 gm. wen-dry soil (Nilgiri Hills, Madras 
6,000 ft. above sea-level) 


„J>5_ 

j'»m 

irivir 


Fig. 8. Milli equivalent base taken up by 100 gm. oven-diy Boil (Nilgin HillSt MadraB, 

7,000 ft. above Bea-level) 
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Locality ^ 

. . 

Lab. 

No. 

Depth 

pH 

2-9 

pH 

4*6 

pH 

9*8 

Dacca Farm, Bengal • 

IP 

0 in. — 6 in. 

0 0016 

0*0018 

0*0038 


2p 

6 in. — 2 ft. 3 in. 

0*0018 

0*0032 

0*0041 


3p 

2 ft. 3 in.— 4 ft. 

0*0033 

0*0030 

0-0063 

Suri* Birbhiiin, Bengal 

4p 

0 in. — 1 ft. 

0*0010 

0 0010 

0-0020 


6p 

1 ft.— 1 ft. 6 in. 

0-0020 

0-0015 

0*0030 


6p 

1 ft. ft in. — 4 ft. 

0*0034 

0*0021 

0*0052 

Biclar, Hyderahafl 

lOp . 

0 in. — 1 ft. 

1 

0-0087 

0*0047 

0*0063 


lip 

1 ft.— 3 ft. 

0*0047 

0*0035 

0*0063 


12p 

3 ft.— 4 ft. 

0*0033 

0*0025 

0-0060 

Himayaisagar, Hy< lerabad . 

18p 

0 in. — 3 in. 

0*0023 

0-0007 

0-0017 


19p 

3 in. — 1 ft. 6 in. 

0*0067 

0*0010 

* 0*0043 


20p 

1 ft. 6 in. — 4 ft. 

0*0070 

1 0*0007 

1 0*(m27 

Raipur, ( *entral Provincea . 

33p 

0 in. — 4 in. 

0*0015 

( 

1 0*0005 

' 0*0040 


34p 

4 in. — 1 ft. 5 in. 

0*0030 

! 0*0010 

0*0048 


35p 

1 ft. 6 in. -4 ft. 

0*0030 

1 0*0010 

1 

0*(K)53 

Nilgiri Hills (3,000 ft. above 

53p 

0 in. — 1 ft. 8 in. 

0*0060 

0*0040 

0*0046 

sea-levels) (1) 

54p 

1 ft. 8 in. — 3 ft. 

0*0047 

0*0017 

0*0043 


55p 

below 54p 

0*0042 

0*0013 

1 0*0048 

Nilgiri Hills (5,000 ft. above 

66p 

0 in. — 1 ft. 

, 0*0023 

0*0026 

0*0038 

sea-levels) (2) 

67p 1 

1 ft.~2 ft. 

j 0*0020 

0*0015 

! 0*0040 


58p 

2 ft. 6 in.— 6 ft. 

1 0*(K120 

i 

0*0017 

0*(M)43 

Nilgiri Hills (7,000 ft. above 

69p 

0 in— 1 ft. 

0*0028 

0*0027 


sea-levels) (3) 

60p 

1 ft.— 3 ft. 

0*(H>30 

0*0022 

0*^47 


61p 

3 ft.— 4 ft. 6 in. 

0*0021 

0*0015 

1 0*0040 


62p 1 

4 ft. 6 in. — 6 ft. 

0*0013 

0*0010 

1 0*0037 

i 


No regular variation of 


AB 

ApH 


oases the manner of variation of 


down the soil profiles is observed. In some 

ab 

at the three pH values is not the same. 


Within certain limits of variation, however (approximately 10 per cent), 
it is possible to classify the soil profiles into four divisions : 


AB 


1. Increase* of down the profile : Dacca, Suri and Baipm:. 


2. Decrease* of 


AB 


down the profile : Bidar (Hyderabad), Nilgiri 


ApH 

Hills (1) and Nilgiri Hills (3). 

•An »v«ram of ^ vwiation of A® ot tbo ♦hreo pM values, $-9, 4-6 and 9*8, is noted, 
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3. Mflyitmini value* of an intermediate depth : 

ApH 

sagar (Hyderabad). 


Himayat* 


4. Value of 


AB 

ApH 


is fairly constant* down the profile : Nilgiri Hills (2). 


Mention may be made here of the work of Anderson and Byers [1936] 
who have found that the character of neutralization curves made with sodium 
hydroxide varies widely for colloids of different soil groups. The colloids of 
Pedocal soils show the strongest acid character. The coUoids of the lateritio 
soils have much weaker acid qualities than those of the Pedocal soils, and their 
titration curves are of such markedly different form that the two groups are 
readily differentiated by this means. The Prairie group and the Gray -Brown 
Podzolic group have titration curves intermediate in character between those 
of the Pedocal and the lateritic soils. The Pedocal soil colloids require about 
0-65 t nilli equivalent per gm. to reach the neutral point (pH 7), those from the 
Prairie soUs just a little less, approximately 0*6, and the Gray-Brown Podzolic 
group covers the range from nearly 0*5 to about 0*2, which is near the 
maximum quantity required by the lateritic colloid. 

Puri and Asghar [1938] have performed electrometric titrations of soils 
after removing from them exchangeable bases by leaching the soils with 0*06 
N hydrochloric acid and using glass electrode for measuring the pH values. 

In our present investigations we have used natural soils with no pre- 
treatment, since Schofield’s procedure of obtaining buffer curves is obviously 
suitable for working directly with natural soils. 

In a series of publications on the potentiometric and conductometric titra- 
tions of silicic acid sols, humic acid sols and acid clays, Mukherjoe, and co- 
workers have been invest^ating as to whether the classical treatment of electro- 
chemical equilibria is sufficient for an adequate representation of the properties 
of these substances (for a review of this series of publications, see Mukherjee, 
Mittra and Muklierjee [1937]) . They have shown that electrometric titra- 
tion curves usually afford valuable information regarding the total acidities, 
dissociation constants, and basicity of acids or mixtures of acids in true solu- 
tions. But when the solid phase is present, the interpretation is not as simple. 
Mention may also be made of the work of Bradfield [1924] who has shown 
that the manner of variation of pH of electrodialysed clay with its concentra- 
tion is of the same nature as that of a weak acid, like acetic acid, and has thus 
concluded that the colloidal fraction of an acid soil can itself be considered to 
be an acid which ionizes to produce a definite Sorensen value and show a 
definite titratable acidity or normality on titration with strong bases. Puri and 
Asghar [1938] have also concluded from their results that the titration curves 
of soil acidoids closely resemble those of weak dibasic acids. It may also be 
interesting to note that Puri has defined the terms exchangeable bases, ex- 
changeable hydrogen, base-exchange capacity and saturation capacity in 

♦An average of the variation of . at tho three pH values, 2*9, 4*6 and 9*8, is 

noted. ApH 
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terms of the acidoid equivalent of the soil samples, thus giving an interpreta- 
tion to these terms which bears no reference to any particular method of 
estimating these quantities. 

Attempt at a discussion of the nature of buffer curves on the same lines as 
the electrometric titration curves would be, at this stage of our knowledge, 
quite premature. The study of the buffer curves has, however, an interesting 
feature. Different soils have different but specific constituents with specific 
buffer capacities. It is suggestive, therefore, that for characterizing the soil 
types from the point of view of soil survey, the study of buffer curves might 
be of interest and of significant importance. 

It is difficult to suggest the significance of the inflexions of the buffer 
curves at pH’s 2-9, 4*6 and 9*8 and the problem is under investigation. 
Mention may be made here of the potentiometric titrations of sodium silicate 
solutions with hydrochloric acid carried out by Joseph and Oakley [1925], 
Harman [1927], Britton [1927] and with sulphuric acid by Kiestinskaja and 
Moltschanowa [1936]. The results of these investigations show an inflexion near 
about pH 11*0, which indicates a definite stage of neutralization at this pH. 
This iMexion has been supposed by Harman to correspond to the formation 
of acid silicate (NaHSiO,). 

Kiestinskaja and Moltschanowa, on the other hand, conclude that the 
inflexion at pH 11 *0 represents the neutralization of hydroxyl ions produced 
by the hydrolysis of sodium silicate : 

SiO, " + H,0 ±> HSiO, ' -f OH ' 

Harman and Britton have observed a second inflexion between pH’s 5 and 
6. They regard this second inflexion to represent the complete liberation of 
silicic acid whilst Krestinskaja and Moltschanowa consider the second inflex- 
ion to represent the neutralization of the hydroxjd ions derived from the 
hydrolysis of the acid silicate : 

HSiO, ' -h H,0 ±> HjSiO, + OH ' 

Krestinskaja and Moltschanowa also observed a third inflexion at pH 
4 '6, which they suggest might be due to the decomposition of a complex 
silicate stable in the acid region. 

Since in the composition of soils silicates predominate, it is quite possible 
that the inflexion points in the buffer curves of soils might bo analogous to 
those observed in the case of potentiometric titration curves of sodium silicate 
solutions. The free adumins present in the soil samples probably also play an 
important role in determining the nature of the buffer curves. 

B. Experiments with dectrodialysed soils 

The soil samples 63p — 65p from the Nilgiri Hills were electrodialysed * 
and the buffer corves of the soils are shown in Fig. 9. 

Regarding the nature of the buffer curves of the electrodialysed soils it is 
found that up to about pH 7 • 1, all the curves are almost linear. The curves 

*The process of eleotrodialysis was cewricd out in a 3 -chambered electrodialysis 
vessel of Pauli’s pattern. The soil was kept in the middle chamber and electrodialysis 
was carried out until the liquid at the cathode was neutral. 
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for the dectrodialysed soUs 63p and 55p show an inflexion at pH 9*8, whilst 
that lor 64p does not. This behaviour of the soils is indeed very striking in 
oompurison with the behaviour of the same soils, uneleotrodialysed, which 
show an exactly opposite behaviour. 



Fig. 9. Milli equivalent base taken up by 100 gm. oven-dry eIoctru<Jialysod soil 
(Nilgiri Hills, 3,000 ft. above sea-level) 

C, Base-exchange reactions 


Table III gives in one place the pH values, the mUli equivalent exchange - 
able bases per 100 gm. oven-dry sod {x), the saturation capacities in milli equi- 
valent base per 100 gm. oven-dry soil (y), percentage base saturation 



X 100), milli equivalent exchangeable calcium per 100 gm. oven-dry soil 


(«), exchangeable calcium as percentage of total exchangeable bases ( — x 100) 

SC 

and finally exchangeable calcium as percentage of total saturation capacity 



It will be noticed that in general the percentage base saturation decreases 
down the following profiles : Dacca and N%iri Hills (2). In the case of the 
profile from Bidar, the percentage base saturation increases with increase in the 
depth. In the case of the profiles from Suri and Nilgiri Hills (3), the percent- 
age base saturation shows a maximum value at intermediate layers. The 
Himayatsagar, Baipur and Nilgiri Hills (1) profiles, on the other hand, show a 
minimum jwrcentage base saturation at intermediate layer. 
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Table III 


Locality 

Lab. 

No. 

Depth 

pH 

X 

V 

X 

— xlOO 

If 

z 

1 

a > z 

— xlOOj —XlOO 
* • i V 

j 

Dacca Farm, Bengal . 

XP 

0 in. — 6 in. 

5*2 

2*61 

5*6 

46*60 

1*43 

54*96 

25*54 


2p 

6 in.— 2 ft. 3-in. 

6-3 

3*63 

8*36 

43*38 

1*22 

83*70 

14*61 


3p 

2 a. 3 in.— 4 ft. 

6-2 

4*69 

11*4 

41*14 

1*63 

34*77 

14*30 

Sari, Blrbham, Bengal 

1 

4p 

0 In.— 1 ft. 

5*4 

1*39 

2-4 

66*00 

0*67 

48*37 

27*9 


[ 6P 

1 ft.— 1 ft. 6 In. 

6*4 

3*48 

5*50 

63*27 

2*52 

64*71 

45-8 


6p 

1 ft. Oin.— 4 ft. 

6*2 

; 7*63 

13*90 

54*85 

4*97 

65*22 

35*8 

Bldar, Hyderabad 

! lOp 

0 In.— 1 ft. 

! 

6-2 

8*38 

11*00 

. 76*20 

21*10 

252*00 

(?) 

93*99 

^ 191*9 


Up 

1 ft.— 3 ft. 

f*.*2 

12 12 

14*30 

• 84*75 

11*39 

79*^7 


12p 

3 ft.— 4 ft. 

6*4 

9-6 

10*40 

91*30 

9*02 

94*99 

! 86*7 

i 

Htanayataagar, Hydcr- 

18p 

0 in.— 3 In. 

6*4 

5*46 

6*00 

[ 91 *00 

4*38 

80*28 

74-7 

rabad. 

19p 

3 in, — 1 ft. 4 in. 

6*4 

10*04 

15*69 

1 64-35 

7*46 

74*35 

! 47*8 


20p 

1 

1ft. 4 in,— 4 ft. 

7*3 

10*96 

13*90 

78-82 

7*94 

72*44 

i 57*1 

Haipur, central pro- 
vinces. 

33p 

0 in. — 4 in. 

5-8 

3*83 

4*40 

87-07 

2*13 

55*46 

i 

’ 48*4 

34P 

4 in.— 1 ft. 5 in. 

5-8 

6*83 

9*30 

1 73*33 

4*36 

63*89 

1 46*9 


: 35p 

1 ft. 5 In.— 4 ft. 

0*4 

7*48 

9*30 

! 78-00 

3*60 

, 48*09 

i 

; 37*6 

Nllgirl Hills <3.000 a 
above 8ea*kvel)<l). 

53p 

0 in.— 1 ft. 8 -in 

6*8 

18*92 

19*58 

90 62 

14*91 

' 78*8 

1 

76*1 

54 p 

1 ft. bin.— 3 ft. 

6*4 

7*98 

13*04 

01-19 

5-18 

. 70*4 

; 44*5 


5r»i> 

Below 54 p 

6*4 

8*72 

14*03 

' 62-13 

6-90 

67*6 

42*0 

1 

Nilgirl Hilb (5,000 a 
above sea level) (2). 

SOp 

0 in.- 1 ft. 

5-5 

6*66 

‘ 10-64 

53-15 

2-86 

50*6 j 

j 26*9 

! 57p 

1 ft.— 2 ft. j 

5*4 

I 1*94 i 

9*49 

' 20-41 

0-28 ' 

17*8 

[ 

) 3*9 


58p 

2 ft. r> in, -0 ft. 1 

3. 1 

i 1*72 

1 

13*90 

12-37 

1 

1 

... 

i 

Nllgirl inils ( 7,000 a. 
above sea-level) (3). 

SOp 

0 in.— 1 ft. 

6*2 

6 03 

12*64 j 

39*79 

i 

2*44 . 

48*60 

19*3 

6Up 

1ft.- 3 ft. 

5-2 

2*73 

3*21 

85*04 

0*31 j 

11*32 

9*7 


61p 

3 ft. — 4 ft. 6 In, , 

6-6 

1*61 

3*31 

48*64 

0-39 ; 

24*20 

11*8 


62p 

4ft. 6 In.— C ft. ! 

1 

6*7 

2*58 

5*21 

49*52 1 

0*34 j 

1 

13*20 

i 

6*5 


The ratio of exchangeable calcium to the total exchangeable bases ex- 
pressed as percentage { ~ X 100), in general, decreases down the profile. 

X 

The figures are often quite low, showing that in such cases exchangeable bases 
other than calcium predominate, e.g. Dacca, Suri and NUgiri Hills (2 and 3). 
The sample lOp seems to be extraordinarily rich in calcium*, perhaps it con- 
tains gypsum. 

*Dupiicato doterminations of exchangeable calcium were, however, fairly concordant. 
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The values of are important in this sense that they give an idea of the 

y 

comparative lime-status of the soil. The following profiles sliow a decrease of 
— values down the profile : D^cca, Raipiir, Nilgiri Hills (1 and 2). 

y 

The profile from Suri shows a maximum value at intermediate depth, 
whilst profiles from Bidar and Himayatsagar show a minimum value of — 

y 

at an intermediate depth. From the point of view of soil genetics it would 
appear that the profiles which show an increasing lime-status at greater depths 
have been produced under comparatively more waterlogged or less firee drain- 
age conditions. In agreement with this postulation it will be noticed that the 
prevailing lime-status of the three profiles from the Nilgiri Hills which were 
taken at altitudes 3,000 ft. (1), 6,000 ft. (2) and 7,000 ft. (3) are approximately 
in the order (1) > (2) > (3). 

Mattson and Wiklander [1937] have defined two amphoteric points of a 
soil colloid thus : 

(а) The equi-ionic point of a soil is defined as that pH of a solution which is 
unaffected by the addition of the soil in its completely unsaturated, free-acid- 
base ampholytoid condition. In other words, it is that pH of the soil at which 
the absolute capacities to bind acid (y) and base (x) are equal, i.e. at which 
the net capacity to bind acid or base is equal to zero, i.e. x — y=0. 

(б) The point of exchange neutrality is defined as that pH of a soil suspen- 
sion which is unaffected by the addition of a neutral salt. It is that pH at 
which the increments produced by the salt in the capacities of the soil to com- 
bine with the anions and cations of the solution are equal, or where (x^ — x ) — 
(yi — y) — where x and y represent the capacities to bind base and acid 
respectively in water and x^ and the corresponding capacities in a salt 
solution. 

In the application of the ideas of Mattson in the present instance there is 
one point to be considered. Although the adsorbable cation is the same 
throughout, namely calcium, the adsorbable anions vary. Assuming that the 
adsorbability of the anions is the same, it follows that the point of intersection 
of the buffer curves of electrodialysed soils with the line of zero adsorption 
should correspond to the equi-ionic point of the soil. Also from general consi- 
derations it is evident that the pH at which the buffer curves intersect the 
line of zero uptake of base should be, from theoretical considerations, the same 
as the pH of the soil. Table IV records the pH of the samples as obtained by 
Kuhn’s barium sulphate method and the pH at which the buffer curves in- 
tersect the line of zero uptake of base. 

It will be noticed from the table that generally the pH indicated by 
the intersection of the buffer curve with the line of zero adsorption is lower than 
that obtained by Kuhn’s method. This is probably due to the exchange acidity 
developed by the contact of the soil with the electrolytes present in the buffer 
solution. In several instances, however, the agreement between the pH 
values obtained by the two methods is quite satisfemtory (cp. 7p, lip, 12p, 
18p, 26p, 27p, 33p, 34p, 42p, 46p, 49p, 61p, 63p, 64p, 66p, 66p, 68p, 03p, 68p, 
73p, 74p). In a few cases the pH obtained from the intmrseotion of the toffer 
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curve with the line of zero apdsorption is higher than that obtained from Kuhn’s 
method, e.g. 46p, 61p, 62p, 64p and 67p. 


Table IV 


Lab. 

No. 

pH by 

Kuhn’s 

method 

i 

pH from the in- 
tersection of the 
buffer curves 
with the line of 
zero adsorption 

Lab. 

No. 

pHhy 
Kuhn’s 
method . 

1 

1 pH from the in- 
! tersection of the 

1 buffer curves 

1 with the line of 

1 zero adsorption 

IP 

6*2 

3*9 

45p 

6*8 

1 

6*2 

2p 

6*3 

3*6 

46p 

6*3 

6*6 

3p 

6-2 

3*7 

47p 

6*1 


4p 

5*4 j 

3*6 

48p 

5*3 

4*6 

6p 

1 5*4 

4*1 

49p 

, 5-4 

5*6 

6p 

1 6-2 

6*2 

60p 

6*4 

5*6 

7p 

! 7*8 

8*0 

61p 

7*2 

7*1 

8p 

6*6 

5*6 

63p 

6*8 

6*9 

lOp 

6*2 

6*7 

64p 

6*4 

6*2 

lip 

1 6-2 

6 9 

55p 

6*4 

6*2 

12p 

1 6*4 

j 6*2 

56p 

5*6 

5*2 

14p 

! 6*4 

i 

67p 

5*4 

4*8 

18p 

i 6*4 

1 6*6 

58p 

5*4 

5*7 

I9p 

6*4 

1 6*0 

69p 

5*2 

3*9 

20p 

1 7 3 

I 6*6 

60p 

5*2 

5*6 

23p 

6*3 

1 6*9 

61p 

5*6 

6*4 

24p 

6*4 

j 6*7 

62p 

5*7 

6*2 

25p 

7*1 

j 6*6 

63p 

; 5*8 

6*9 

26p 

6*7 

6*6 

64p 

5*9 

6*4 

27p 

1 6*8 

! 6*6 

65p 

6*4 

. . 

33p j 

1 6*8 

i 6*7 

67p 

6*4 

7*8 

34p 1 

1 6*8 

i 6 6 

68p 

7*5 

7*3 

36p i 

1 6*4 

i 6*0 

70p 

5*6 

4 4 

42p i 

1 6*2 

6*6 

71P 

5*7 

4 3 

43i> ; 

7*2 

6*2 

73p 

6 3 

6*6 

i 

i 1 


74p 

6*2 

6*5 


D. Influence of gaiuration with lime at 7- 1 on the maximum water-holding 
capacities and of percentages of imbibitiomU water 

Most plants have their optimum pH of growth at about neutral point. 
It was felt desirable to examine as to how far saturation of soil with lime at 
pH 7 • 1 affects the maximum moisture-holding capacities and the percentages 
of imbibitional water of some Indian red soils as determined by Keen-Rack- 
ekowski box experiment. 

E. Saturation of soils with lime at pH 7‘ 1 

In obtaining the soils saturated with calcium at pH 7 • 1 the buffer method 
of Schofidd [1933] has been used. About 100 gra. of soil were treated in a 


76 the INDIAN JOUHNAL OE AGRICULTURAL SCIENCE [% 

wide-mouthed bottle with about 260 c.c. of 0*06 JV p-nitrophenol solution half- 
neutralized with lime. The mixture was allowed to settle overnight, and on 
the following day a measured amount of the clear supernatant liquid was 
pipetted oflF and titrated with 0*05 hydrochloric acid. The bulk of the 
supernatant liquid was then decanted off, fresh stock of buffer solution was 
added to the soil and the whole process was repeated until there was no change 
in the titration figure of the supernatant liquid. The soil was filtered off in a 
Buchner funnel, dried in air, passed through 1-mm. sieve and finally stocked 
in a wide-mouthed bottle. 

jp. Keen-Rackzkowski box experiment 
The boxes used for the experiments were 5 cm. in internal diameter and 
1*6 cm. in internal height. The determinations were made as described by 
Coutts [1932]. Following the work of Fisher [1924], the measurements with 
the Keen box were made with xylene as well. Fislier assumed that unlike 
water, xylene is not imbibed by the colloidal material of the soil. The imbibi- 
tional moisture capacity, according to Fisher, thus represents the volume of 
water retained by unit volume of soil, less the volume of xylene retained by the 
same soil. In the determination of xylene equivalent, the procedure followed 
by Russell and Gupta [1934] was used.* The boxes were overfilled with air- 
dry soil. They were then put at IIC^C. in an electric oven for 18 hours, 
allowed to cool in a desiccator, gently repacked and the surplus soil scraped 
off with a knife. The boxes were weighed and put in xylene to a depth just 
covering the bottom of the box, in a circular glass trough as in the case of 
water. The soil was kept in contact with xylene for a period of 18 hours and 
the final weights of the boxes were noted. 

Table VII shows that in general the maximum water-holding capacities 
and the maximum xylol-holding capacities of these red soils increase on saturat- 
ing the soil with lime. It may be stated here that, in agreement with the 
observations given in the following tables, Singh and Nijawan [1936] have 
shown that the rate of percolation and water-holding capacity of soils contain- 
ing increasing amounts of exchangeable calcium is invariably followed by an 
increase in the rate of percolation and water-holding capacity of the soil. 

The observations made in field experiments that treatment with lime 
generally increases the productivity of the land, c^onsidered in conjunction with 
our laboratory data, thus suggest that in cases whei*e the maximum water- 
holding capacity is increased on saturating the soil with lime, the application 
of lime in the land should show a response in the increased yield of crops. In 
the cases where it decreases on saturation with lime, the application of lime 
by farmers should not show appreciable response in the yield of crops. Pot 
experiments to test this hypothesis are in contemplation. It is not possible 
to say anything about the change suffered by the percentages of imbibed water 
on saturation with lime. In the case of a considerable number of soils the 
percentage of imbibed water decreases, whilst, in the case of an almost equal 
number of soils, it increases on saturation with lime. 

*Tho wettings w(^ro done in air since it was observed that within the limits of ex- 
perimental error there was very little difference between the maximum amounts of a 
liquid hold by a soil when wetted in vacuum and in air. 
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Table V 


Original soil 

(Restdls expressed on otmn-drg basis) 


Locality 

1 1 Maxirmun 

Lab. ) wabT-holdirig 

1 No. { capacity 

Maximum 

xylol-holding 

capacity* 

Vol. of imbibed 
wat<T per 100 
gm. soil 

Dacca Farm, Bengal . 

Ip 

47-9 

40*3 

2*7 


2p 

50-9 

39 * I 

6*5 


3p 

50*0 

38-8 

6*5 

Suri, Birbhum, Bengal . 

4p 

27-7 

14-2 

11*8 


fip 

38 3 

314 

3*0 


7p 

47-6 

40 1 

2*6 


Sp 

36‘4 

30'3 

2*4 

Bidar, lIydoraba<l , 

lOp 

42-5 

37*2 

0*7 


lip 

50-3 

43*0 

2 1 

Ilimayatsagar, Hyderabad 

1 8p 

33-3 

28*3 

1*6 


19p 

50-5 

36*3 

9*3 


20p 

39 9 

29*1 

7*2 

Telankeri, Nagpur (C. P.) 

. 23p 

52*4 

34*1 

14*2 


24p 

67-3 

42*1 

20 0 

T<’lank€'ri, Nagpur (C. P.) 

26p 1 

73-4 

44*6 

23*3 


, 27p ' 

53- 1 

35*8 

12*9 

1 

Kaipur (C. P.) . • 

• ; 33p» ; 

37-2 

27*9 

5*9 


Alisagar, Hyderabad . 

42p** 

31*3 

j 

22*7 

5*8 

Kokat, Cannonorc, Malabar . 

I 

4r>p** 

j 

45 3 

32 9 

i 

t 8*3 

1 

1 

Nilgiri Hills, Madras (3,000 ft.)i 

i 

53p 

48*7 

1 

i 

34*8 

! 

i 

; 9*6 

54p 

52*1 

33*9 1 

14*0 

1 

1 

55p 

42*4 

1 

33*5 I 

4*8 


♦Xylol ufit'd (E. Merck) was d<'hydratc‘d with anhydrous calcium chloride. 
♦♦Experiments could not bo carried out on profile basis as some soil samples were 
exhausted. 
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Table VI 

Soil saturated with lifne at pi5f 7'1 


(Remits expressed on oven-dry basis) 


Locality 

Lab. 

No. 

1 

Maximum 

water-holding 

capacity 

1 

Maximum 
zylol-holding 
capacity ♦ 

Vol. of imbibed 
water per 100 
gm. soil 

Dacca Fiwm, Bengal . 

IP 

49-7 

36*7 

8*5 

2p 

52*2 

40*5 

6*7 


3p 

60-4 

38*3 

7*3 

Suri, Birbhum, Bengal 

4p 

30-8 

23*9 

3*9 

6p 

39-8 

28*9 

7*3 


7P 

57-2 

. . 

. . 


8p 

37*8 

33*0 

0*8 

Bidar» Hyderabad 

lOp 

45-8 

39*9 

1*0 

lip 

56 5 

44*2 

6*9 

Himayatsagar, Hyderabad . 

18p 

36 8 

24*4 

9*4 

19p 

49*2 

35*0 

10*0 


20p 

44*3 

29*3 

11*4 

Telankeri, Nagpur (C. P.) 

1 

23p 

62-5 

40*3 

17*rr 

24p 

67*3 

42*2 

20 0 

Telankeri, Nagpur (C. P.) 

26p 

70 0 1 

54*0 

9*4 

27p 

51-3 1 

42*0 

1 4*2 

Raipur, Central Provinces 

33p^^ 

37*6 I 

’ 


Alisc^ar, Hyderabad . 

42p*^ 

32*8 j 

1 

1 

26*1 

3*5 

Kakat, Cannanore, Malabar . 

45p^^ 

41*4 

34*8 

2*4 

Nilgiri Hills, Madras (3,000 ft.) 

53p 

49-8 

33*8 

11*9 

54p 

49-6 

39*6 

5*2 


55p 

47-2 

36*7 

6*0 


*Xy\ol used (£. Merck) was deh 3 rdrated with anhydrous oaieiiim ehloride* 

♦♦Experiments could not be carried out on profile basis as soma soil samples were 
exhausted. 
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Table VII 

Differences of the data in Tables V and VI 


(Saturated soil — original soil) 


j 

Locality i 

i 

Lab. 

No. 

j Maximum 
j water-holding 
’ capacity 

j 

_ i . _ _ 

Maximum 

xylol-holding 

capacity 

Vol. of imbibed 
water per 100 
gm. soil 

Dacca Farm, Bengal . 

ip 

1-8 

—3-6 

5*8 


2p 

1*3 

1*4 

0*2 

i 

3p 

1 0-4 

— 0-6 

0*8 

j 

Suri, Birhhum, Bengal . j 

4p 

i 

31 

9*7 

-7-9 

1 

6p 

1 1*6 

— 2*6 

4-3 

1 

7P 

9*6 

9*9 

—2*6 


8p 

! 1-4 

—4-2 

—1*6 

Bidar, Hyderabad . . ; 

lOp 

3-3 

2*7 

0*3 


lip 

6*2 

1*2 

4*8 

Himayatsagar, Hyd(Taba<l . ‘ 

18p 

3-5 

—3*9 

7*8 


19p 

^ 1*3 

1*8 

0*7 


20p 

4-4 

0-2 

I 

Ttilankeri, Nagpur (C. P.) . 

23p 

10*1 

6*2 

! 


24p 

00 

0‘1 

0*0 

T<‘lankeri, Nagpur (C. P.) . 

26p 

—3-4 

9*4 

i —13*9 


27p 

—1-8 

6*2 

—8*7 

Raipur, Central Provincos . , 

33p 

0-3 

1 

6*1 

.. 

i 

Alisagar, Hyderabad . . ; 

42p 

1*6 

3*4 

—2*3 

Kakat, Cotuianoro, Malabar 

45p 

1 —3-9 

1*8 

! —6*9 


63p 

' 11 

1 

—1*0 

i 2*3 

Nilgiri Hills, Malabar (3,000 

I 54p 

! 2-6 

—0*1 

' —8*8 

ft.) 

1 

1 

j 4-8 

1 

4*2 

I 


Summary 

1. Buffer curves were obtained in the case of a number of soils represent- 
ing several typical red soil profiles from Dacca (Bengal), Suri (Bengal), Bidar 
(Hyderabad), Himayatsagar (Hyderabad), Chandkhuri Farm (Raipur, C. P.), 
Nilgiri Hills (Madras, 3,000 ft. 6,000 ft., and 7,000 ft. above sea-level). Data 
for some typical base-exchange properties were also obtained, e.g. maximum 
saturation capacity, percentage base saturation and percentage of exchangeable 
oalcinm. 
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2. Almost all the buffer curves indicate a more or less definite inflexion at 
pH 9'8 and frequently a second inflexion either at pH 2*9 or at pH 4*6. 


The buffer values 


AB 

ApH 


of the soils at pH’s 2 * 9, 4’ 6 and 9 ■ 8 were calculated 


from the curves and within certain limits of variations (approximately 10 per 
cent) it is possible to classify the profiles into the following four groups : 

(a) Increase of down the profile : Dacca, Suri aiid Raipur. 


(6) Decrease of - 


.'\pH 

AB 


doM'n the profile : Bidar, Nilgui Hills (3,000 ft. 


ApH 

and 7,000 ft. above sea-levd). 

(c) Maximum value of at intermediate layer : Himayatsagar. 


(d) 


ApH 

fairly constant down the profile : Nilgiri Hills (6,000 ft. 


AB 
ApH 
above sea-level) 


3. The percentage base-saturation, in general, decreases down the follow 
ing profiles ; Dacca and Nilgiri Hills (5,000 ft. above sea-level). It shows a 
tendency to increase with the profile from Bidar. In the case of the profile 
from Suri and Nilgiri Hills (7,000 ft. above sea-level) the percentage base- 
saturation shows a maximum value at intermediate layers. The Himayat- 
sagar, Raipur and Nilgiri Hills (3,000 ft. above sea-level) profiles on the other 
hand show a minimum percentage base-saturation at an intermediate layer. 

4. In general the ratio of exchangeable calcium as percentage of total 
exchangeable bases decreases down the profile. These ratios are often quite 
low, showing that in such cases exchangeable bases other than calcium pre- 
dominate. 

5. The ratio of exchangeable calcium to the total saturation capacity 
shows a decrease down the following profiles : Dacca, Raipur, Nilgiri Hills 
(3,000 ft. and 6,000 ft. above sea-level). The profiles from Suri show a maxi- 
mum value at intermediate depth, whilst proves from Bidar and Himayat- 
sagar show a minimum value of the ratio at intermediate depth of the profile. 

6. A number of red soils of India collected on profile basis were treated 
with half-neutralized p-nitrophenol calcium buffer of pH 7 • 1 until the soils 
were saturated with lime. The soils were subsequently freed from adhering 
salts. The following properties of these soils before and after treatment with 
lime-buffer were compared : ^ 

(a) Maximum water-holding capacity. 

{b) Maximum xylene-holding capacity. 

(c) Percentage imbibitional water. 


It is found that in general the maximum watw-holding and the 
xylene-holding capacities increase on saturation with lime. The r*T "i*ntago 
of imbibitional moisture-holding capacity, however, does not show such general 
behaviour. 
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O F the oilseed crops commonly grown in Northern India, toria {Brassica 
napus L. var. dichotoma Prain) and sarson {Brassica campestris L. var. 
sarson Prain) occupy an important position as regards acreage in the Punjab. 
A review of the literature available on these two crops shows that practically 
no work has so far been done on the course of formation of oil in the 
developing seeds in order to ascertain the period of most rapid oil formation 
and thus to coordinate the results obtained from such a study with the effect 
of various factors governing the yield and quality of the oil. In order to obtain 
some evidence on this point, the Oilseed Section, Lyallpur, has during the past 
three years made a few preliminary investigations which form the subject 
matter of this note. A brief reference to the results obtained in 1936-37 was 
made in the progress report, submitted to the Imijerial Council of Agricultural 
Research, on the scheme for additional research on oilseeds in the Punjab for 
that year. The observations were then made on the crops grown with two 
irrigations and without the application of any manure. The experiments 
were repeated on both toria and brown sarson during the two subsequent 
seasons (1937-38 and 1938-39), and in order to widen the scope of these inves- 
tigations the following manorial and irrigation treatments were included in the 
trials : — 

(«) No manure and no irrigation 

(ii) No manure but one irrigation applied at the commencement of 
critical stage of oil formation {vide results obtained in the year 
1936-37) 

{Hi) No manure and two irrigations, i.e. one at the commencement of 
critical stage of oil formation and second during the maximum 
fruiting period 

{iv) Farmyard manure equivalent to 25 lb. of nitrogen per acre applied 
before sowing and two irrigations as above 
(t>) Toria cake equivalent to 26 lb. of nitrogen jjer acre applied before 
sowing and two irrigations as above 
(pt) Sodium nitrate equivalent to 26 lb. of nitrogen per acre applied 
at the commencement of critical stage of oil formation and two 
irrigations as above 
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The investigations being of a preliminary nature, the experiment was kept 
very simple in form. The various treatments were given to the crops grown on 
small plots of 1/180 acre each. It may bo pointed out that as compared to 
the years 1936-37 and 1938-39, the year 1937-38 was characterized by the 
prevalence of comparatively low temperatures during the main blooming 
periods of the crops, i.e. between November and February, and for this reason 
the results obtained during this year are somewhat different from those obtain- 
ed during the other two years. This variation in the general run of tempera- 
tures was propitious from the point of view of these studies as it gave an oppor- 
tunity for gauging the effect of variable weather on the rate of oil formation . 
The results obtained during the aforesaid three years are of great interest and, 
since they are likely to prove very useful in further research on these crops, 
they are presented here in the form of a short note. 

Briefly put, the procedure adopted was as follows : — 

Freshly opened flowers in sufficiently large numbers were tagged during 
each of the three different bloom periods which were taken to be 
as follows : — 

Crop ' Early bloom period Mid bloom period Lato bloom period 


Toria First wook of Novomborj 

I 

Brown saraon La«t week of Decombor I 


Samples of the developing ovules of known ages were obtained in all 
cases for the determination of moisture and oil content at regular intervals of 
ten days throughout the growing season. Measurements of length and breadth 
of 25 ovules were recorded in the case of each sample. The fresh and dry 
weights of 1,000 ovules were also determined in f^ach case. The results obtain- 
ed during these investigations are summarized in Tables I-Il I from which the 
following general conclusions can be drawn : — 

(a) In all the years the maximum size of the developing ovules as deter- 
mined by the greatest length and breadth was attained in about 40 and 50 days 
from the date of opening of flowers in toria and browm sarson revspectively 
(Table I). Taking the average of all treatments in toria in the years 1937-38 
and 1938-39 the length and breadth of ovules w hen 40 days old w^ere 2-20 mm. 
and 1*92 mm. res|>ectively, and in brown sarson the (corresponding figures in 
the case of 50 days old ovules were 2-23 mm. and 1-99 mm. 

(ft) The fresh weight of developing ovules in both toria and brown sarson 
continued to increase at a rapid rate tiU about a month after fertilization, at 
the end of which time it turned the scale at a figure seven times the w^eight 
recorded in the case of ten days old ovules in torm and about 1 7 times in the 
case of brown sarson. Thereafter the weight remained more or less constant 
in toria, whereas in brown sarson there w^as a slight increase till the ovules 
were 60 days old. At full maturity, however, there was a decrease of about 
33 per cent in the maximum fresh weight in brown sarson^ which may possibly 


Last week of November Middle of Decombor 

Middle of January First week of Feb- 

ruary 
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be due to the desiccating effect of somewhat hot weather prevailing during 
March when brown sarson reaches maturity. The dry weight increased as the 
seed developed, obviously due to storage of greater quantities of food materials 
with an advance in development (Table I). 

(c) Except for the first few days of seed (fertilized ovule) development 
the percentage of moisture decreased as the seed advanced in age. For 
example, in toria the moisture content in the case of all determinations made in 
all the years under consideration averaged 75*05 per cent when the ovules 
were ten days old. The average moisture percentage in the case of 20 days 
old ovules had increased to 80-73 and thereafter with an advance in the age 
of ovules it continued to decrease steadily till it reached the figure of 36* 14 in 
the case of 70 days old ovules. Similarly, in brown saraon the average moisture 
percentage when the ovules were ten days old was 65-73, and in the 20 days old 
ovules it was 79-27 as against 12-77 when the ovules were 70 days old. Here 
a difference in the moisture content of 70 days old ovules of toria and brown 
aaraon is noticeable which is presumably due to weather, which is mild and cold 
in the case of toria and somewhat warm in the case of aaraon at the time when 
the ovules attain an age of 70 days in these two crops. 

(d) The percentage of oil increased as the seed developed. For example, 
in the year 1936-37 the most rapid formation of oil in developing seed, express- 
ed as the percentage of ether extract on dry basis, began when the seed was 
about 20 days old, and continued for another 20 days in the early and mid 
bloom periods in toria (Table II). The maximum percentage of oil was nearly 
reached at the age of 40 days, there being slight increase after that age till 
maturity. Similar conclusions were arrived at in the case of brown-seeded 
aaraon in the mid and late bloom periods also. For instance, in brown aaraon 
the oU percentage (average of mid and late bloom periods) in 40 days old seeds 
had increased to 44-88 from 4 -56 found in the 20 days old seeds. Similarly 
in toria the oil percentage (average of early and mid bloom periods) in 40 days 
old seeds was 41 • 64 as against 5-71 obtained in the case of 20 days old seeds. 

(e) In the case of early-formed ovules in brown-seeded aaraon and late- 
formed ovules in toria, in all the three seasons, the increase in the oil content 
was very slow and the amount of oil formed was also much less (Table IT). 
This fact could be attribute<l to the adverse effect of frost and cold which syn- 
chronized with the early bloom period in brown-seeded aaraon and late bloom 
period in toria. For example, the oil percentage in the late bloom period 
(average of three years), when the seed was 40 days old, was 16*26 only in 
toria, as compared to 41 - 28 and 39-59 in early and mid bloom periods, respec - 
tively. In brown aaraon the oil content in the case of ovules formed in early 
bloom period, when 40 days old, was 22-52 per cent, as compared to 37*40 
and 41-07 formed in the mid and late bloom periods, respectively. 

(/) Further confinnation of the effect of weather on the rate of oil forma- 
tion was obtained in the year 1937-38 when, owing to the severity of cold during 
the mid bloom periods of both toria and brown-seeded aaraon^ the accumulation 
of oil in the case of all treatments was rather slow. The period of most rapid 
oil formation in the ovules during this year varied from about 30 to 60 days in 
toria and from about 30 to 50 days in brown-seeded aaraon (Table III), as 
compared to about 20 to 40 days after flowering during the year 1036-37 
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(a year of normal temperatures). Taking the average for all treatments in 
1937-38, the oil percentage, when the ovules were 40 days old, was only 19’ 64 
and 27*38 in toria and brown mrson respectively, and reached the normal 
figure, viz. 42*57 and 44*38 when the ovules were 60 and 50 days old in tom 
and brown aarson, respectively. On the other hand, in 1938-39, when the 
temperatures were midway between those in the other two years under consi- 
deration, the rate of oil formation was greater than in 1937-38, the oil percent- 
age (average of all treatments) in the former year when ovules were 40 days 
old l^ing 36*79 and 38*94 in toria and brown aaraon, respectively (Table III). 
In 1938-39 the fresh and dry weights of 1,000 ovules were also comparatively 
greater in all cases as compared to 1937-38. This is attributed to better deve- 
lopment of ovules resulting from more suitable climatic conditions which 
prevailed during 1938-39. It is, therefore, concluded that under the conditions 
of these experiments the rate of oil formation in the two crops under considera- 
tion is mainly controlled by the meteorological conditions obtaining during 
the periods of seed development. 

{g) The effect of manurial and irrigation treatments on the fresh and dry 
weights of 1 ,000 ovules and on the rate of oil formation was negligible. 

Further work by the junior author, who is mainly responsible for the 
chemical investigations relating to this scheme, is in progress and it is hoped 
that with the accumulation of more data further light will be thrown on the 
various aspects of the problem concerned. 
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Oil percentage in developing ovules of toria and brown sarson during different periods of their growth in 1936-37, 

1937-38 and 1938-39 

{No manure and two irrigations) 
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. ) No samples were available owing to the crop being over. 
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A NEW CORTICIUM ON ORANGE STEM 
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(With Plate I) 

I N July 1938, when the writer was touring in Burhanpur (Nimar district), 
Central Provinces, a few orange trees {Citrus aurantium), about four years 
old, in an orchard were observed to have a white mycelial growth on the lower 
part of the stem facing south-west. From a distance it looked as if the stem 
was washed with lime. The growth was uniformly wliite and compact ; at the 
margins the hyphae spread out like a fan and were feathery in appearance. 
Though this white growth covered about 10 cm. of the circumference of the 
stem up to a height of about 30 cm. from the ground level, still the stem 
looked in no way unhealthy ; there was no exudation of gum, no depression 
or drying or rotting of the bark ; on scraping the bark below the w hite felt of 
mycelium the plant tissues were observed to be normal. The crown roots were 
also healthy and free from this mycelial grow th. 

Morphology 

When the material collected at Burhanpur w as examined in tlie laboratory 
at Nagpur the fungus mycelium w^as found to belong to a Basidiomycete, 
judging from the presence of club-shaped basidia bearing sterigmata. 

In hand sections and in microtomic sections the mycelium w as found to be 
wholly superficial ; but the hyphse filled the clefts or crevices formed by the 
cracking and scaling of the bark. In hand sections it w as not always possible 
to get the film of the mycelium attached to its substratum, as the section of 
the film readily separated from the section of the bark. In microtomic sections 
the paraffin ribbon with the sections w^as often badly torn as in the mycelium 
were embedded minute particles of stone and dirt. At times along with this 
Basidiomycete were found hypha? and pycnidia of a Diplodia, w^hich was 
growing wdthin the tissues of the bark ; the basidiomycetous hyphse often 
overran the pycnidia and the particles of stone and dirt, and completely cover- 
ed them. 

The mycelium can be roughly divided into three layers. The layer in 
contact with the substratum is thin and consists of long, delicate strands of 
hyphss, running along the stem and parallel to each other ; they are slender and 
of rather uniform diameter, about 3p ; they are sparingly septate and very 
little branched ; they are compact but not twisted ; they are without clamp 
connexions or anchor cells (Plate I, figs. 1 and 2) ; hyphal fusions have been 
observed, but very rarely. From some of these long hyphse arises a broad 
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reticulum layer. It consists of profusely branched hyphse with short, broad 
cells forming a loose network (Plate I, fig. 2) ; these cells are of varying shapes, 
such as globular, globoid, geniculated, cylindrical, etc.; they are 6*0-7'6p 
wide; the length is more variable, 8 •3-21 *6 ji ; two neighbouring cells often 
fuse together. From this broad reticulum layer arises tangentiaUy a row of 
cylindrical, erect and hyaline cells, the basal cells, 10"0-16*6 x 3‘3-6*6 u ; on 
these basal cells are borne the basidia. Neither hyphal clumps nor glorocys- 
tiHia. are present. The hyphse are thin-walled and not incrust^. 

Basidia and basidiosporbs * 

Basidia do not arise directly from the reticulu m layer of cells ; but they are 
developed from basal cells which grow laterally from the reticulate cells. The 
basal cell develops usually one basidium terminally (Plate I, figs. 3, 4, 7 and 
10), but at times basidia may also be produced laterally (Plate 1 , figs. 6, 8, 
9 and 12). The basidium is thin walled, hyaline and club shaped with a 
globular head; it measures 13* 3-26' 0 jx in length; the head is 6-6-10*0|i 
in width where it is broadest ; at the base the basidium measures 3 *3-6 *6 (t. 
From the basidium are developed four sterigmata ; they are pointed at the 
apex and broad at the base ; they are usually short, but at times they may 
be elongated; they are then very narrow in width. They are 2’6-6*6fiin 
length and 0* 83-2 -6 in width at the base. 

The basidia stain very deeply so also the basidiospores but the sterigmata 
stain very faintly. The basidiospores are oval in shape, pointed at the base 
and rounded at the apex (Plate I, fig. 13) ; one side is occasionally slightly 
flattened. They measure 6’0-13"8 X 2*6-7-0p., generally 8*3-10-3 x 
3-3-6 0 {j. 

Detailed observations on the cytology of the fungus have not been carried 
out because of the fresh material not being available in sufiicient quantity. 

The long hyphse attached to the substratum have uninuclear cells ; the 
celb forming the broad reticulum layer are binuclear ; the nuclei are in pairs ; 
at times two pairs of nuclei have been observed in some of these small, broad 
cells ; the basal cells arising laterally from this reticulum layer are also 
binuclear (Plate I, figs. 7, 8 and 12) ; the very young basidium, the one which 
is being formed from the basal cells is also binuclear (Plate I, fig. 7) ; at a 
later stage the basidium which has still not developed the sterigmata is 
uninuclear the nucleus being larger than the nuclei in the basal cells and in 
the cells of the reticulum layer (Plate I, figs. 8, 9 and 10). As the basidium 
b^ins to form small protuberences on its head, which are the beginnings of 
the sterigmata, the single nucleus divides and forms four small nuclei (Plate I, 
fiigs. 11 and 12). In the basidium which had developed mature spores the cell 
contents are vacuolated ; the nucleus has not been seen in such a basidium. 
The basidiospores are uninucleate (Plate I, fig. 13). 

Taxonomy 

According to the classification of Clements and Shear [1931] the fungus 
under study is a Corticium, as cystidia are lacking, (^ores are hyaline, pilous 
ooDsiBte of one layer and is resupinate. 
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Plate I 



1 , 2 . M\('rliuin of liiiiizii" drawn from a tiaii^x (Tm* -«rtion of .i citrus hark 
( \ : 2.4 Terminal l^^idia with stcniruj.jt.j .md l»a^nliO'']»oics (X-loD) ; 

J lie, id «if hasidium >een from al>o\i‘ (X !•'><►) : Later. d ha'^uliiiin ( ^loD) ; 

/. Vonnu ha^idium with its hasal cell , }>oth .ir»‘ lumideate (X^i75) : ^S. Hasi- 
duim with a ^iiiLdi* fused niuleiis home on a hinuele.ite has.il cell ari^'inu 
fi‘om a short hroad hinm Icatc cell ( • r»7n) : IK Terminal and lateral hasidia 
{Xf)7r)) ; Id. Teimin.il iMsidimn with one nucleus toimed hv tlie fusion of 
two nuelei (><»7r)); 11.12. Ikisidia w'ltli immature sttu’iemata .ind four 

nuclei (:\h77)): 12. Hasidict^poi.' (xloO) 
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Two species of Corticium^ viz. C. koleroga (Cke.) v. Hohn and C. saU 
monicolor B. and Br., have been reported to occur on Citrus, In India the 
former has been known to do much damage to coffee, Coffea arabica, and is the 
cause of the well-known ‘ koleroga ’ disease of coffee, but has not been so far 
known to occur on any species of Citrus, The other, C, salmonicolor, is known 
throughout the tropics, including India, as the pink disease of CitruSy and also 
attacks many other woody plants. 

C. koleroga attacks leaves, twigs and large limbs and fruits of Citrus in 
Florida. This fungus, according to Wolf and Bach [1927], produces brown 
rhizomofphs which ‘ can be readily traced from the sporophores backward 
along the petioles to the twigs and thence to the older wood On twigs and 
wood brown-coloured sclerotia are developed. The basidia arise as termina- 
tions of short, lateral branches. They measure 10- 0-12*0 x 7 *0-8-0 u and 
have four, rarely six, sterigmata ; the basidiospores are hyaline, flattened 
on the opposed faces, round above and tapered below ; they measure 9 • 0- 
13*0 X 3 *5-5*0 a with 10*5 X 4*5 p. as the most common size. According 
to Narasirnhan [1933] the basidia on the coffee host measure 8*5-12*0 jjl in 
diameter and the basidiospores 9*1 x 3*4 jx ; the length of the sterigmata is 
inconsistent, varying from 5 • 0 to 1 1 * 5 u ; the basidiospores are slightly flat- 
tened on one side, rounded at one end and somewhat pointed at the other. 

The pink disease, as the name indicates, forms a salmon pink-coloured 
fungus growth on the host plant ; the basidiospores measure 9*0-12*0 x 6*0- 
8*0 u. 

Both these species of Carticium form sclerotia. 

The Corticium under study is therefore evidently different from the two 
species known to occur on Citrus, The difference lies in the hymenium being 
white (whereas the hymenium of C. koleroga and of C. salmoiiicolor is coloured), 
in the basidia being much larger, and the basidiospores smaller than those of the 
other two CorticimaSy and in the absence of sclerotia. 

If the key to the species of Corticium given by Burt [1926] is to be followed, 
then our species would belong to the same group as C, bwnbycinum (Sommerf.) 
Bresadola, C, sociaturn Burt and C, confluens Fries. The characters of this 
group are : — Substance not appreciably coloured, gloeocystidia absent, 
hymenium white or whitish when grooving, spores not globose but more 
elongated, large and more than 6 g long. 

Our species is clearly distinct from these three species. 

C, bombycinum is in section 2(K)- 1,000 u thick ; the hyphae are suberect, 
loosely interwoven and thick walled. 

C, sociaturn has small fructifications, 2-10 mm. long and 1-3 mm. wide ; 
hyphsB are loosely interwoven near the substratum ; a few embedded spores 
are present. 

C, confluens has rather thick and waxy-membranaceous fructifications, 
2-8 cm. long and 1-3 cm. wide ; the fructifications are composed of ascending 
densely interwoven and agglutinate hyph®. 

Herbarium specimens and microscope preparations of the Corticium on 
the bark of an orange tree were sent to Dr Fawoett, Professor of Plant Patho- 
University of California, for favour of examination and opinion. Dr 
Fawcett very kindly examined them and sent them to Dr J. N. Couch of the 
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University of North Carolina as the fungus ‘ was something with which he was 
not at all familiar Some more microscope preparations were swt to Dr 
Couch who very kindly took the trouble of examining them and reported/ I 
have examined the mycelium, basidia and spores and think they considerably 

resemble Corticium ^veral species 

of Corticium, for example G. kohroga, C. stevemii, and C. vagum, have been 

reported as parasites on the leaves and stems of higher plants 

Furthermore, your species, though apparently related to the above-mentioned 
ones, seems to be distinct. I should like to see a piece of the dried specimen, 
since it is impossible to pass judgment on material preserved in formalin. 
However from the information 1 can gather, it seems to me that you would be 
safe in describing the fungus as a new species of Corticium ’. 

I therefore propose the name Corticium album n. sp. 

Fructifications up to about 30 cm. long and about 10 cm. wide, smooth, 
shining, white, thin, resupinate and adnate, margin featliery ; in section 70- 
300 [1 thick, composed of hyaline, Uttle branched, thin-walled, sparingly 
septate parallel hyphse, about 3 g, in diameter, com})act, running longitudinally 
over the substratum and not twisted, giving rise to a broad layer of thin- 
walled, loosely interwoven, branching, hyaline hypha) with broad, short cells ; 
from this reticulum layer arise lateially 1 hin-walled, hyaline, cylindrical, basal 
cells 10'0-16-6 (i long and 3'3-6'Ou broad, from the basal cells basidia are 
developed terminally and also at times laterally hyaline, thin-walled, clavate, 
13 •3-26-0 u long and G- 6-1 0-0 u wide at the head; sterigniata four, short, 
hyaline, broad at the base and tapering at the apex, 2- 5-5 x 0- 8-2*5 |ji ; 
basidiospores hyaline, oval, rounded at the aj)ex, pointed at the base, one side 
at times flat, 8- 3-10* 3 x 3-3-5-0 g ; no gloeocystidia ; hyphse not incrusted. 
On bark of living stems of Citrus anrantiuvi. 

My thanks are due to Dr H. 8. Fawcett and Dr J. N. Couch for very 
kindly examining the material sent to them. 

Summary 

A new species of Corticium growing on the trunk of orange trees. Citrus 
aurantium, is described. The fungus forms a white film on the bark from the 
ground level up to a height of about 30 cm. ; the film is about 10 cm. broad. 
The growth is superficial ; it is not known to cause any damage to the tree. 
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RESEARCH NOTES 

DFXAYED GERMINATION IN SESAME, SESAMVM 

INDICUM 

BY 

R. H. RICHHARIA 

AKD 

D. R. DHODAPKAR 

Oilseeds Research Laboratory, Nagpur, Central Provinces 

(Received for publication on 13 September 1939) 

(With ono text-figure) 

I N the course of our investigations on sesame selections, a great variation in 
the period of seed germination has been frequently observed in this labo- 
ratory. The normal period of germination in these isolations does not, as 
a rule, exceed four to five days, although some of them sprout in less than 
two days. But the remarkable feature of a particular type observed is its 
delayed germination. The seeds did not germinate even after putting them 
on a moist blotting paper for over seven months. They appear quite healthy 
with very rough, black and constricted seed-coat. When the black coat of 
8U(;h a seed is removed and the embryo is placed on a moist blotting paper 
in Petri dish, it becomes green, showing thereby its viability and proving that 
the seed-coat is chiefly res[)onsible for the delaj^ed germination. 

The phenomenon of delayed germination has been studied in several 
groups of plants by various workers. They have established that there can 
be various causes bringing about this phenomenon, viz. genetical, physiolo- 
gical, morphological or environmental. In this connexion Crocker’s recent 
paper [ 1938 ] may be consulted. 

In the present case tho-cause of the delayed germination is the structure 
of the seed-coat. In the normal seed the coat consists of one or two layers 
of cells which are more or less rounded and loosely arranged, followed by a 
non-cellular membraneous layer. 

In the case of seeds with delayeil germination, on the other hand, the cells 
are elongated, arranged lengthwise (Fig. I L) and packed closely towards one 
side which makes the seed-coat unusually thick. Within these cells two 
regions can be distinctly marked, the outer (hyaline region, Fig. iD) and the 
inner (with striations, Fig. 1 E). On the outer surface of the cells, there 
exists a thick coating of some impervious substance (Fig. 1 A, B), which 
presumably obstructs the intake of water and oxygen. In the ease of the 
normal se^, the loose arrangement of the cells and the absence of Ihe imper-* 
yious substance evidently allow the free passage of w^ater and oxygen, 
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Fia. 1. T. S. of sesame seed showing delayed germination ( x 433) 

As Surface coating on the seed-coat 
B =Impervious layer 

Cs Canal leading from outer surface to the endosperm 
DsHyaline part 
£ sStriation 

OsN'on-celluliU' layer inbctween the coat and the endosperm 
I sinter-cellular space 
L = Elongated cell 

An interesting feature in the structure of the seed-coat with delayed 
germination is that at places the impervious substance, referred to above, 
surrounding the seed-coat, penetrates through the inter-cellular space, thus 
formin g a sort of canal (Fig. 1 C). At other places it stops half-way, as there 
is not enough continuous space leading to the endosperm (Fig. 1 1). The signi- 
ficance of this structure is not definitely known but presumably it has some 
connexion with the germination of the seed. When the seed finds a favour- 
able environment, the substance in the canal must be subjected to gradual 
decay, thus making way for water and oxygen to enter. It may then 
bring about the germination of the seed, though the time taken may 
vary in individual cases, ensuring the distribution of this variety of sesamum 
over a number of seasons. This type of sesamum was commonly found at 
Dindori (Mandla district of the Central Provinces) in November 1938. Seeds 
were collected from some stray plants growing on the bunds of the fields at 
the Govramnent Seed Farm, Dindori, and from the oultiyators’ fidds. Such 
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plants are not harvested and they are regarded as wUd sesamums by the in- 
habitants. Locally they are known as bandi tilli meaning wild sesamum. 
The seeds obtained are black with rough surface and with constrictions and 
exhibit delayed germination. Transverse sections also exhibit the seed-coat 
structures described above. 

Such seeds are of no use to the farmer. Their presence in the cultivated 
area where the sesamums are grown is highly objectionable, as their sponta- 
neous appearance in the pure strains, will spoil the purity of the crop. While 
in the economy of nature these may be serving a usefol purpose, they cause 
a distinct loss to the growers. 


REFERENCE 
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A SPECIES OF PHYLLAiriNiA OCCURRING ON ALMOND 
(PRUNUS AMYGDALUS) 

BY 

M. ASaHAR GINAI, M.So. (Hons.) 

Fruit Experiment Station, Quetta 
(Received for publication on 10 January 1939) 

(With Plate II) 

A spboibs of PhyUactinia has been observed causing mildew of almonds 
(Prunua Amygdalua) in the Quetta Valley. The genus PhyUactinia has 
been recorded on a large number of hosts all over the worid. In India Butler 
[1931] reported the occurrence of this fungus {P. Corylea Pers. Karst, var. euhs- 
piralis) on IruUgofera gerardiana, JugUins regia, Morua oUm, Morua sp., Pyrua 
eommunia, P. Paahia and Dalbergia aiaaoo. As far as the author is aware, 
hitherto, no species of PhyUactinia has been reported occurring on almond 
{Prunua Amygdalua), and this is probably the first record of PhyUactinia on 
this host. 


Symptoms 

The fungus causes mildew of leaves and young twigs. The disease makes 
its first appearance in midsummer (June and July) in the form of whitish 
cobwebby growth on the under-side of the leaves. This is due to the presence 
of mycelia and conidia of PhyUactinia. In August and September orange to 
dark brown perithecia appear as minute specks on this growth and continue 
till autumn leaf-fall. The disease is fairly common in certain orchards in the 
Quetta Valley but ordinarily does not do much damage. In cases of severe 
attack, however, the leaves become brittle and are slightly distorted ; occa- 
sionally parenchyma is destroyed and copper colourations appear on the 
leaves. The disease is most common on sweet almonds. The bittOT almonds 
seem to be comparatively resistent to the disease. 

Fungus 

The genus PhyUactinia is known on a large number of hosts all over the 
world and several species are named. Salmon [1900] merged all the known 
species ol PhyUactinia in P. Corylea (Pers.) Karst. Later in 1906, he recognized 
three varieties viz. angulata, rigida and aubapircUia. Blumer [1933] revised 
the genus, raising the three varieties recognized by Salmon to specific rank. 
Amongst the known species, the PhyUactinia recorded on almond approaches 
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Phylktetinia Salmonii Blumer, reported as occurring on Paulxmmia imperialis 
in J^apan. A brief description of the fungus is given below : — 

Hyi)ophyUu8, very rarely caulogenus, mycelium cobwebby evanescent 
or persistent, thin and efTused ; forming whitish spots or coatings on the under- 
surface of almond leaves. Perithecia usually scattered, rarely gregarious, 
large, lenticular ; when ripe 200-350 microns in diameter, orange yellow when 
young, dark brown at maturity ; cells of the perithecial wall obscure, more or 
less polygonal, 13-24 microns wide ; true a]>pendage8 C-12, equatorial, rigid, 
straight, aseptate, hyaline, acicular, 220-350 microns long, with bulbous base 
about 40 microns wide ; asci indefinite, subcylindrical to ovate-oblong, average 
120 X 32 — 40 microns, slightly pedicellate ; ascospores two, variable in size, 
average 56 x 28 microns ; conidiophores 240-300 microns long, 8-12 microns 
thick, hyaline, septate ; conidia unicellular, clavate, average 76-x 10-24 
microns. 
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NOTIFICATION No. F.-46-20/38-A., DATED THE 6TH 
OF DECEMBER 1939. ISSUED BY THE GOVERN- 
MENT OF INDIA, IN THE DEPARTMENT OF 
EDUCATION, HEALTH AND I ANDS 

I N exercise of the powers conferred by sub-section (1) of section 3 of the 
Destructive Insects and Pests Act, 1914 (II of 1914), the Central Govan- 
ment is pleased to direct that the following further amendments shall be 
made in the Order published with the notification of the Government of India 
in the Department of Education, Health and Lands, No. F. 320-35- A, dated 
the 20th July 1936, namely : — 

I. In rule 12 of the said Order, after the words ‘ produced in India ’, 
the words ‘ or in Burma ’ shall be inserted. 

II. In the Schedules annexed to the said Order 

(1) for the Fourth Schedule the following Schedule shall be substi- 
tuted, namely : — 

Fourth Schedule (paragraph 12) 


Certificate of origin for 'gSman beans or seeds 


Name of 
consignor 

Name of 
consignee 

Gross 

weight 

Number of 
packages 

I 

Mark of each 
package 



! i 


Certified that the above consignment consists of raw coffee beans or seeds 
produced in India/Burma. 

Signature of certifying authority. 

No. of Bailway Receipt or 
No. of Bill of Lading. 

Signature of Consignor. 

(2) in the list of certifying authorities in the Fifth Schedule, after 
entry (v) the following entry shall be inserted, namely : — 

‘ (ta) Customs Collector under the Government of Burma.’ 

(Sd.) J. D. TYSON, 

Joint Seeretarif 
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NOTIFICATION No. F.-50-33/39-A., DATED THE 7TH 
OF DECEMBER 1939, ISSUED BY THE GOVERNMENT 
OF INDIA, IN THE DEPARTMENT OF EDUCATION, 
HEALTH AND LANDS 

In exercise of the powers conferred by sub-section (1) of section 3 of the 
Destructive Insects and Pests Act, 1914 (II of 1914), the Central Government 
is pleased to direct that the following further amendments shall be made in 
the Order published with the notification of the Government of India in the 
Department of Education, Health and Lands, No. F. 320/35-A, dated the 20th 
July, 1936, namely : — 

In the said Order — 

1. in paragraph 4 for the words ‘ potatoes and sugarcane ’ the words 

‘ potatoes, sugarcane and unmanufactured tobacco, either raw 
or cured,’ shall be substituted, 

2. paragraph 8 shall be renumbered as paragraph 8A, and after that 

paragraph as so renumbered the following paragraph shall be 
inserted, namely : — 

‘ 8B. Unmanufactured tobacco, either raw or cured, shall not be 
imported into British India, unless, in addition to the general 
certificate required under Rule .5, it is accompanied by an 
official certificate, that it is free from Ephestia ekUelia or that 
the pest does not exist in the country of origin.’ 

(Sd.) J. D. TYSON, 

Joint Secretary 



REVIEW 


Plant bonnones and tbeir practical importance in faorticiiltaie. By H. I.. 

Peabse. {Technical ('ommunicalion 12 of the Imperial Bureau of 
Horliculiure and Plantation Crops, East MaUing, Kent, England) 

1939, pp.88, bibl. 248. Price 3#. Qd. 

I NVESTIGATION of plant hormones and of their nature and propertieg still 
proceeds. Many of them have been isolated and chemically determined. 
Many now can be made synthetically, and thus made they are no less effec- 
tive in stimulating growth. The history of this work has been told by Boysen- 
Jensen, Went and Thimann, Schlenker and others. 

But whereas the academic botanist is primarily interested in how the 
plant grows, the practising horticulturist wants to know how he can increase 
or influence the growth made, and it is to him that the present memorandum 
should appeal most strongly. 

Admittedly in the last few years articles on the propagation of particular 
plants from cuttings with the help of growth stimulants have been legion, but 
the man who spends most of his time tending plants has little opportunity to 
search the libraries and he wUl, therefore, be grateful to Dr Pearse for the 
tables in which nearly 1,000 instances are recorded of attempts made by 
different persons with varying success to root cuttings of plants of different 
plant species and variety with the help of named synthetic plant hormones. 
So far as is possible, the period and date of treatment, strength of solution, 
rooting medium, type of cutting, number of cuttings treated and number 
rooted are stated in each case. 

In addition, he will find a clear account of the actual factors which affect 
root formation in cuttings, a review of published work on the practical use of 
synthetic plant hormones and notes on the practical method found most 
useful by the author. 

Unable to tear himself away from the fascinating subject, he will proceed 
with Dr Pearse to a consideration of the mechanism involved in induced root 
formation and note how increased efficiency of treatment may sometimes be 
realized by the use of such substances as vitamin Bi, carbohydrates, potassium 
permanganate, amino-acids, theelin and others. 

He will learn of the surprising effects on plant growth brought to light 
by the curious scientist. Thus, hormone treatment definitely affects the 
germination of old or damaged seed, the growth of plants following treatment 
of seed, of the plants themselves or of their culture medium ; it also influences 
parthenocarpic development, fruit bud growth, fruit storage, framework con- 
trol and rate of rooting in transplanted trees. Each one of these offers an 
interesting field of research. 

And if he is still greedy for more, the comprehensive list of references 
shows him the way. 
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6 

01— XIO 

0 

Bound Volumes (extra to above prices) 

5 

0 

5 

0 

Binding cases only ....... 

3 

6 

3 

6 


The index to the ctirrent volume is not published until April (Series * B *) or August 
(Series * A ’) of the following year. 

Zoological Record — Part Insecta — 

Published annually about July in each year and containing as complete a record 
as possible of the literature of the previous year, chiefly from the systematic standpoint. 

j. d. 

Annual subscription (including postage) 15 6 

The Biological Control of an Insect in Fiji — 

By T. H. C. Taylor, M.Sc. (Lond.). An account of the Coconut Leaf-mining Beetle 
and its Parasite Complex. Royal 8 vo. pp. X + 239 with 23 plates, 2 maps and 
17 text figures. Bound in cloth. Price 12«. Postage, inland, 6d. ; abroad, lOd. 1937 . 
^ 9 ^^I^port of the Fourth Imperial Entomological Conference, 19th — 27th September^ 

Boyal 8 vo. 70 pp. Paper covers. Price, 4s« 1936. 

Orders may be sent direct to the Assistant Director, Imperial Institute of Entomo- 
logy, 41, Queen’s Qate, London, S. W. 7, or through a booksellm*. 



] PUBLICATIONS OF THE IMPERIAL AGRICULTURAL BUREAUX 

Publications Obtainable from the Imperial Mycological Institute* Kew* Surrey 


Journal 

Review of Applied Mycology — 

8, d. 

Annua) subscription* 12 monthly parts, with title-page and index (post 

free) . . . *30 0 

Single part 3 0 

Title-page and index 4 0 

Back volumes (with the exception of VoIb. I, VII and VIII, which are out of print) 
can be supplied, postage extra. 

Occasioned Publications 

Annotated Account of Fungi Received at the Imperial Mycological Institute. 

8, d» 

List I 10 

List II, Fasc. 1 ..........lO 

List II, Fasc. 2 ..........20 

List II, Fasc. 3. General Part ........ 1 0 

Report on the Third Imperial Mycological Conference, 1934 . . . 2 0 

Mycologists resident in the British Empire, 1938 ..... 1 0 

’ 24i. to subscribers in the British Commonwealth* who send their subscription direct to the Institute. 




PUBLICATIONS OF THE IMPERIAL COUNCIL 
OF AGRICULTURAL RESEARCH, INDIA 

IPrioes are inolueive of packing and Indian Postage] 

!• Indian Farming 

A monthly Journal of agriculturo and animal husbandry for the general 
reader interested in agriculture or livestock in India or the Tropics. 
(Prepayable subscription Rs. 6 or 9s. 6d. per annum. Price per 
part 8 annas). 

(Replaced, • Agriculturo and Live ’stock in India * with effect from 1940, 
of which Volumes I — IX complete are available.) 

2. The Indian lonmal of Agricnltnral Science 

ICAH. 6. A bi-monthly scientific journal of agriculture and the allied sciences, mainly 

devot^ to the publication of the results of original research and field 
experiments. (Established 1931. Published in February, April, June, 
August, October and December. Prepayable subscription Rs. 15 or 
23s. (kt. per annum. Price per part Rs. 3 or 5s. 3d.). Volumes I to JX 
complete are available. 

3. The Indian Journal of Veterinary Science and Animal Husbandry 

ICAR. 5. A quarterly journal for the publication of scientific matter relating to the 

health, nutrition and breeding of live-stock. (Established 1931. Pub- 
lished in March, June, September and December. Prepayable subscrip- 
tion Rs. 6 or 9s. 6d. Price per part Rs. 2 or 3s. 6d.). Volumes I to 
IX complete are available. 

4. Scientific Monographs of the Imperial Council of Agricnltnral Research 

ICAR. 10- 1 No, 1. The Fungi of India. By E. J. Butler, C.I.E., D.Sc., M.B., F.R.S. 

and G. R. Bisby, PhJO. (1931). Price Rs. 6-12-0 or 11s. 

ICAR. 10*2 No. 2. Life-histories of Indian Microlepidoptera, Second Series: Alucitidn 
(Pterophoride, Tortricina and Gelechiad»). By T. Bainbrigg-e Fletcher, 
R.N., F.L.S., F.E.S., F.Z.S. ( 1 932). Price Rs. 3-4-0 or 5s. 6d. 

ICAR. 10*3 No. 3. The Open Pan System of White-Sugar Manufacture. By R. C. Sri- 
vastava, B.Sc. (1935, 2Dd Edition). Price Rs. 3-2-0 or 5s. Gd. 

ICAR. 10 *4 No. 4, Life-histories of Indian Microlepidoptera ; Cosmopterygidue to Neopseus- 

tid». By T. Bainbrigge Fletcher, R N., F.L.S.. F.E.S., F.Z.S. (1933). 
Price Rs. 4-8-0 or 7s. Sd, 

ICAR. 10*6 No. 5. The Bombay Grasses. By E. J. Blatter, S.J., Ph.D., F.L.S. and C* 
McCann, FX.S. Illustrated by R. K. Bhide. (1935). Price Rs. 20-12-0 
or 32s. 6d. 

ICAR. 10*6 No. 6. Helminth Parasites of the Domesticated Animals in India. By G. D. 
Bhalerao, M.So. (1935). Price Rs. 7-12-0 or 13s. 3d. 

ICAR. 10*7 No. 7. Influence of Manures on the Wilt Disease of Cajanua indicus Spreng. 

and the Isolation of Types Resistant to the Disease. By W. McRae, 
M.A., D.Sc. (Edin.), F.L.8. and F. J. F. Shaw, D.So. (Lond.), A Jl.CJS., 
F.L.S. (1933). Price Rs. 2-4-0 or 4s. 3d. 

ICAR. 10*8 No. 8. The Silk Industry of Japan with Notes on Observations in the United 
States of America, Engird, France and Italy. By C. C. Ghosh, B.A., 
F.E.S. (1933). Price Rs. 4 or 6s. 9d. 

ICAR. 10*9 No. 9. Mechanical Cultivation in India. A History of the Large-scale Experi- 
ments carried out by Burmab -Shell Oil Storage and Distributing 
Company of India, Ltd. By C. P. G. Wade. (1935). Price Rs. 3-14-0 
or fit. 


( ix ) 
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ICAH. 10- 10 No. 10. The Spotted Boll Worms of Cotton (Eariaa fabia Stoll and Eariat 
inaiilana Boisd.) in South Gujarat, Bombay Presidency. (Final 
report on investigations financed by the Indian Central Cotton Com* 
mittee, 1923-193]). By B. P. Doshpande, M.Ag. and N. T. Nadkarny, 
B.Ag. (1936). Price Rs. 5-14-0 or 9s. 6d. 

ICAR. 10* 11 No. 11. Investigations on the Course and Distribution of the Nerves supply- 
ing Levator anguli scapuli and Rhomboideus muscles and the forma- 
tion of the Phrenic Nerve in the Ox, with Observations on certain 
Anatomical Deviations. By H. N. Chelva Ayyangar, G.M.V.C. (1937). 
Price Rs. 4-10-0 or 7s. 9d. 

ICAR. 10*12 No. 12. The Fungi of India, Supplwnent I. By B. B. Mundkur. (1938)- 
Price Re. 1-6-0 or 2^». 3d. 

ICAR. 10*13 No. 13. Further Observations on Anatomical Deviations in the Ox and Note 
on certain Anatomical Freaks. By H. N. Chelva Ayyangar, G.M.V.C* 

pjice Rs. 2-8-0 or 4s. 

ICAR. 10-14 No. 14. Further Studios in CVroul Rusts in India. By K. C. Mehta, M.Sc., 
Ph.D. {In pi css,), 

5. Miscellaneous Bulletins of the Imperial Council of Agricultural Research 

ICAR. 8*1 No. 1. List of Publications on Indian Entomology, 1930. Compiled by 4bo 

Imperial Entomologist, Pusa. (1934). Price As. 14 or Is. 6d. 

ICAR. 8*2 No. 2. List of Publications on Indian Entomolo^, 1931. Compiled by the 

Imperial Entomologist, Pusa. (1934). Price As. 8 or lOd. 

ICAR. 8*3 No. 3. List of Publications on Indian Entomology, 1932. Compiled by the 

Imperial Entomologist, Pusa. (1934). Price As. 12 or la. 3d, 

ICAR. 8-4 No. 4. Host Plant Inde.x of Indo-Ceylonese Coccidae. By S. Ramachandran* 

L.Ag. and T. V. Ramakrishna Ayyar, B.A., Ph.D., F.Z.S. (1034)* 
Price Re. 1-10-0 or 2s, 9d, 

ICAR. 8*5 No. 5. List of Publications on Indian Entomology, 1933. Compiled by tho 

Officiating Imperial Entomologist, Pusa. (1935). Price As. 9 or Is. 

ICAR. 8*6 No. 6. Bee-keeping. By C. C. Ghosh, B.A., F.R.E.S. (41h Edition.) (1939) 

Price Re. 1-14-0 or 3s. 3d. 

ICAR. 8*7 No. 7. List of Publications on Indian Entomology, 1934. Compiled by tho 

Imperial Entomologist, Piisa. (1935). Price Re. 1-2 0 or 2s. 

ICAR. 8*8 No. 8. Selected Clinical Articles, Part I. By G. K. Sharma, G.P.V.C. and 

R. L. Kaura, B.V.Sc., M.R.C.V.S. (1936). Price As. 8 or lOd. 

ICAR. 8*9 No. 9. Statistical Methods and their Application to Agronomy ; A Biblio- 

graphy. Compiled by K. K. Guha Roy, B.A. (1936). Price Rs. 2-2-0 
or 48, 

ICAR. 8*10 No. 10. Diseases of Sugarcane and Methods for their Control. By L, S. 

Subramaniam. (i936). Price Re. 1-14-0 or 3s. 3d. 

ICAR. 8*11 No. 11. Tables of Standard Errors of Mendelian Ratios. Compiled by Swam 

Singh Purewal, M Sc., Ph.D. and Krishna Rao, L.Ag. (1936). 
Price As. 12 or Is. 3d. 

ICAR. 8*12 No. 12. List of Publications on the Botany of Indian Crops, Part IT, for 
the period 1928-32. Complied by R, D. Boso, B.So. (1936). Prioe 
Rs. 3-6-0 or .5s. 9d. 

ICAR. 8* 13 No. 13. Two New Statistical Tables based upon Fisher’s * < ’. By M. Vaidya- 
nathan, M.A. (1936). Price As. 6 or 8d. 

ICAR. 8*14 No. 14. List of Publications on Indian Entomology, 1936. Compiled by 
the Imperial Entomologist, Pusa. (1936). Price Re. 1-4-0 or^. 

ICAR. 8*16 No, 16. Selected Clinical Articles, Part II. By G. K. Sharma, R, L. Kaura ; 

S. Ganapathy Iyer ; G. S. Khan, and M. Y. Mangrulkar. (1937L 
Price Re. 1-4-0 or 2s. ' 

No. 16. Indian Grazing Conditions and the Mineral Contents of some Indian 
Fodders. By P. E. Lander, M.A., D.Sc., F.I.C.. T.A.S. (1937). Price 
Rs. 8-14-0 or 0s. 9d. 


ICAR. 8* 16 
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ICAR. 8- 17 

ICAR. 8- 18 
ICAR. 8*19 

ICAR. 8-20 

ICAR. 8-21 

ICAR. 8-22 

ICAR 8-23 

ICAR. 8*24 

ICAR. 8*26 
ICAR. 8*26 

ICAR. 8*27 
ICAR. 8*28 
ICAR. 8 *20 

ICAR. 8*30 
ICAR. 8*31 

!CAU. 8*32 


ICAR. 8* 33 


ICAR. 8-34 
ICAR. 8*35. 


No. 17. A Brief Survey of some of the Important Breeds of Cattle in India. 
By Col. Sir Arthur Olver. C.B., C.M.G., F.R.C.V.S., F.N.I. (1938). 
Price Rs. 2 or 3/#, Gd. 

No. 18. Milk Records of Cattle in Approved Dairy Farms in India. By 
. K. P. R. Kartha, B.A. (10. 8). Price Rs. 2-12-0 or 4s. Gd. 

No. )9. A Preliminary Annotated List of the Fruit Pests of the North-West 
Frontier Province. By Hem Sinph Pruthi, M.Sc., Ph.D. (Cantab.), 

F. N.I. and H. N. Batra, B.Sc., Assoc. I. A. R. I. (I9‘i8). Price Re. 1 
or Ifl. 9d. 

No. 20. Report on an Enquiry into the Cultivation of Cloves in India. By 
A. K. Yegna Narayan Aiyer, M.A. (Madras), Dip. Agri. (Cantab.) N. D. 
D. (Knginnd). (19.38). Price Rs. 2-4-0 or 3«. 9d. 

No. 21. Invf'stigations on the Cold Storage of Mangoes. G. S. (I!l«eema, 
, D.Sc., I.A.S., D. V. Karmarkar, M.Sc., Ph.D., A.I.I.Sc. and B. M. 
Joshi, M.Sc. (1939). Price Kh 3-12-0 or 6«. 

No. 22. Ref)ort on a Village Enquiry rt^garding Cattle and the Production and 
Consumption of MiJk in Seven Breeding Tracts of India. (1939). 
Price Rk. 3-8-0 or r>8. Gd. 

No. 23. The Cold Storage of Fruits and Vcgotablos. By G. S. Cheemci, D.Sc., 
I.A.S. and D. V. Karmarkar, M.Sc.. Ph.D., A.I.I.Sc. (1939). Price 
As. 10 or 1^. 

No. 24. A Brief Survey of some of the Important Breeds of Cattle in India» 
Part II. Prize winners at the first AIMndia Cattle Show. (1939). 
Price Re. 1 -6-0 or 2.v. 

No. 25. The Nutritive Values of Indian Cattle Foods and the Feeding of 
Animals. By K. C. Sen, D.Sc. (lOG**)- Price As. 7 or Sd. 

No. 26. Tlie Progress of Agricultural Science in India during the Past Twenty- 
five Years. By W. Burns, C.I.K., D.Sc. (Edin.), I.A.S. (1939). Price 
Re. 1-8-0 or 2^. 3(f. 

No. 27. Definition of Characteristics of Seven Breeds of Cattle of All-India 
Importance. (1939). Price Re. or 2®. 6d. 

No. 28. Bibliography of Soil Erosion. By R. M. Qorrie* D.Sc., (1939)* 
Price Re. 1-12-0 or 2^. 6d. 

No. 29. Report on the Prospects of Cinchona Cultivation in India, by A- 
Wilson, M.A., B.Sc., I. A. S. and T. J. Mirchandani, M.Sc., Ph.D. 
(1939.) Price Rs. 2-6-0 or 4.s. 

No. 30. Biological Notes on Indian Chalcidi idea. By Hem Singh Pruthi, 
M.Sc,, Ph.D (Cantab.), F.N.I. and M.S.Mani. {In press). 

No. 31. Studies in the Preservation of Fruit and Vegetables : An Investiga- 
tion on the Method'-' of Preparation and Standardization of Tomato 
Ketchup. Bv Lai Singh, B.Se. (Hons.), M.Sc. (Calif.) and Girdhari Lai, 
Ph.D. (LoiuL). D.T.C. (In press). 

No. 32. Studios in (lie Preser\*ation of Fruit Juices, I. Some Observations on 
the Preparation and Proserv^ation of Citrus Fniit Squashes. By Lai 
Singh. B.Sc. (Honj-.), M.Sc. (Calif.) and Girdhari Lai, Ph.D. (Lond.), 
D.T.C. (In press). 

No. 33. Selected Clinical Articles, Part III. By Mohammad Kahimiiddin 

G. M.V.C.; C. D. Uttangi. G.B.V.C. ; R. C. Nathnni, G.»LV.(\, P.G. 
(Edin.)^ and N. S. Sankaranarayanan, G.M.V.C. (In pre^s). 

No. 34. Some Practical Results of Sugarcane Research in India. (In press). 
No. 35. Progress of Veterinary Research in India during the Past Twenty- 
five Years. By F. Ware, (M.E., I.V.S., F.N.I. (In press). 


6. Animal Report of the Imperial Council of Agricultural Research 
lO.AR. 12*31 Annual Report of the Imperial Council of Agricultural Research for the 
years 1929-30 and 1930-31. Price As. 12 or Is. 3d. 
lOAR. 12*82 Annual Report of the Imperial Council of Agricultural Research for the y^t 
1931-32. Price Ap. 6 or 8d. 

ICAR. 12*33 Annual Report of the Imperial Council of Agricultural Research for the year 
1032-33. Price As. 6 or 8d. 
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ICAB. 12 • 34 Annual Report of tho Imperial Council of Agricultural Research for the year 

1933- 34. Price Ke. 1-8-0 or 2s, 6d 

ICAR, 12*36 Annual Report of the Imperial Council of Agricultural Researchfor the year 

1934- 35. Price Ke. 1 or !«. 9d. 

ICAB. 12*36 Annual Report of the Imperial Council of Agricultural Research for the year 
1936-36. Price As. 14 or Is, 6d, 

ICAB. 12-37 Annual Report of tho Imperial Council o f Agricultural Researchfor tho year 

1936- 37. Price Ke. 1-2-0 or 2«. 

ICAR. 12-38 Annual Report of the Imperial Council of Agricultural Besearoh for the year 

1937- 38. Price As. 12 or Is, 

ICAR. 12-39 Annual Report of the Irnjmiial Council of Agricultural Research for the 
year J 938-39. I’licc Ko. 1-8-0 or 28, Jkl. 

7. Agriculture and Animal Husbandry in India (called Review of Agricultural 
Operations in India up to 1933) 

ICAR. 9*29 Review of Agricultural OporatioiiB in India, 1928-29. Price Rs. 3-2*0 or 

Bs. 6d. 

ICAR. 9*31 Review of Agricultural Operations iiiindia, 1 929-31. Price Re. 6 or 8a. 3d* 

ICAR. 9*33 Review’ of Agricultural Operations in India, 1931-33. Price Rs. 6.12«0or 

9s Cd, 

Agriculture and Animal Husbandry in India, 1933-34 and 1934-36 — 

ICAR. 13'1 *36 Part I.— Crop Production. Price Rb. 4-14-0 or Ss, 

ICAR. 13*2*36 Part II Animal Husbandrj^. Price Re. I or Is. 9d. 

ICAR. 13*36 Agriculture and Animal Husbandry in 1 ndia, 1935-36. Price Rs. 4-10*^0or 
Is. 9d. 

ICAB. 13-37 Agriculture and Animal Husbandry in India, 1936-37. (1939). Price 

Rs. 7 or llfi. 

ICAB. 13-38 Agriculture an<l Animal Husbandry in India, 1937-38 (/n press), 

8. Proceedings of the Beard ol Agriculture and Animal Husbandry 

ICAR. 2 Proceedings of the I iist We< ting of the Animal Husbandry Wii^ of the Board 

of Agriculture and Animal Husbandry held at Now Delhi from the 20th 
to the 23rdFcbjuaiy 1 933, with Appendices. Price Bs. 5-14-0 or 9r. 6d. 

ICAR. 3 Proceedings of the I iist Meeting of the Crops and SoiK Wing of the Board of 

Agriculture and Animal Hustandry held at Delhi from the 25th Feb- 
ruary to the 2nd March 1 936, w ith, Appendices. Price Rs. 6 or 9s. 9d, 

ICAR. 2' 2 Proceedings of the Second Meeting of the Animal Husbandry Wing of the 

Board of Agriculture and Animal Husbandry held at Madras from the 
14th to the ICth December 1936 (1938). Price Rs. 3-10-0 or 6s. 8d. 
ICAR. 3 - 2 Proceedings of tho Second McH>f ing of the C'rops and Soils Wing of tho Board 

of Agrn iilf uro and Animal Hu.sbandry held at Lahore from the 6th 
to tlio 9<h December 1937, with Appendices (1939). Price Rs. 4-2-0 
or 6s. 6d. 

9. Marketing Series (Agricultural Marketing in India) 

A.M.A. 1. Report on the Marketing of W heat in India (1937). Price Re. 1-4-0 or 2s, 

A M.A. 2. Report on the Cold Storage and Transport of Perishable Produce in Delhi 

(1937). Price As. 12 or Is, 3d. 

A.M.A. 3. Agricultural Produce (Grading & Marking) Act, 1937, with rules made prior 

to Ist April 1937 (1937). Price As. 2. 

A.M.A. 4. Report on the Marketing of Wheat in India (Abridged Edition) (1038) • 

Price As. 8 or lOd. 

A.M.A. 6. Ditto Hindi version (1938). Price As. 8 or lOd. 

A.M.A. 6. Ditto Urdu version (1938). Price As. 8 or lOd. 

A.M.A. 7. Annual Report of the A^icultural Marketing Advisor and Summarised 

Reports of tho Senior Marketing Officers in Provinces mid eertain 
Stab s for tho year ending 3Lst December 1937. (1938). Price As. 6 
or 8d. 

Report on the Marketing of Linsood in India ( 1938). Price Re. 1-4. or 2s. 


A,M,A. 8. 
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A.M.A. 9. 


A.M.A. 10. 


A.M.A. 12. 


ICAR. Il l 
ICAR. 112 
ICAR. 11 3 
ICAR. 11-4 
ICAR. 1 1 6 
ICAR. 11*6 
ICAR. 11*7 
ICAR. 118 
ICAR. 11*9 
ICAR. IMO 
ICAR. 11*11 
ICAR. 11 12 
ICAR. 11*13 

ICAR. 1M4 
ICAR. 11-15 
ICAR. 11-16 
ICAR. 11*17 
ICAR. 11 18 
ICAR. 11*19 
ICAR, 11*20 

ICAR. 11 21 
ICAR. 11*22 

ICAR. 11*23 
ICAR. 11 24 

VRI. I 


ARI 7 IS7 

ICAR. 16 

ICaR 7 

ICAR 18 
ICAR. 10*1 


Report on the Marketing of Eggs in India and Burma (1938). Price Re. 1-4 
or 2a. 

Report on the Marketing of Tobacco in India and Burma (1039). 
Price Ro. 1-4 or 2s. 

Repc»rt on the Marketing of Linseed in India (Abridged edition) (1939). 
Price As. 8 or lOd. 

(Nolo. — A.M.A. 11 is not yet issued.) 

10. Catalogue of Indian Insects 

1 he following parts have been issued : — 

1. Acr>dida‘ (Tettigida ) By T. Eainbrigge Fletcher. 1921. Price Anna L 

2. Culicida*. By R. Senior-White. 1923. Price Re. 1-10, 

3. Bombyliida;. By R. Senior- bite. 1923. Price As. 8. 

4. Trypetidne (Tryj>aneid 80 ). By R. Senior-White. 1924. Price As. 8, 

6. Nitidulidae. By S. N. Chatterjeo. 192*1. Price As. 10. 

6. Staphylinidap. By M. Cameron. 1925. Price Re. 1-14. 

7. I asiocampida?. By T. Bainbriggo Fletcher. 1925. Price As, 12. 

8. Amatidffi (Syntomida:). By T. Bainbrigge Fletcher. 1925. Price As. 12. 

9. Zygirnidae. By T. Bainbrigge Fletcher. 1925. Price Ro. 1-5. 

10. Stephanida*. By G. R. Dutt. 1925. Price Re. 1-2. 

11. BronthidfiB. By Richard Kleine. 1926. Price Re. 1-2. 

12. Tabanidas. By R. Senior- White. 1927. Price Re. 1-12. 

13. Cicindelida^ By Merica Ileynes-Wood and Cedric Dover. 1928. Price 

Rfl. 2-8. 

14 Palpicornia, By A. d’Orch\ mont. 192S. Price Rs. 2-8. 

16. Cecidornyidae. By R. Senior White. 1928. Price As. 7. 

16. Cosmopterygidap. By T. Bainbrigge Fletcher. 1928. Pri (?0 As. 10. 

17. YponomoutidaD. By T. Bainbrigge Fletcher. 1928. Price As. 8, 

18. Carabidae. By H. E. Andrew cs. 1931. Price Rs. 8-10. 

19. Gyrinoidea. By George Ochs. 1930. Price As. 12. 

20. Alucitidas (Pterophoridae). By T. Bainbrigge Fletcher. 1931. Price 

Re. 1-6. 

21. Lycidae. By R. Kleino. 1931. Price Ro. 1-2. 

22. Phaloniadae and Chlidanotida\ By T. Bainbrigge Fletcher, 1931, Price 

As. 6. 

23. Chalcidoidea. By M. S. Mani. M.A. (Res,), 1937. Price Rs. 3-2-0 or 6a. 6d. 

24. Evanidae, by M. S- Mani, M.A. lVn*o As. 7 or Sd. 

11. Miscellaneous 

A Deacription of the Imperial Institute of Veterinary Research* Mukteear» 
and it ^ Sub-siivtion. tht' Imperial Votorinary Serum Institute, Izatna gar. 
By F. Ware, F.R.C.V.S., 3.V.S. Price* Re. 1-4-0 or 2a. 

The Production ol Cigarette Ti.bacco by Flue-curing. By F. J. F. Shaw, C.I.E 
D.Sc., A.R.C.S., F.L.S. and Kashi Ram. Imp. Inst. Agri. Res., Puaa 
Bull. No. 187. Reprinted (1935). Price Re. 1 or la. 9d. 

A Handbook of Statistics for use in Plant Breeding and Agricultural Problems. 
By F. J. F, Shaw, C.I.E., D.Sc , A.R.C.S., F.L.S. Price Rs. 4-6-0 or 
7s. 3d. 

Report on the Work of the Imperial Council of Agricultural Research in 
Applying Science to Crop Production in India. By Sir John Russell, 
D^c., f!r.S. Price Re. 1-14-0 or 3a 3d. 

Report on the Development of the Cattle and Dairy Industries of India. By 
Norman C. Wright, M.A., D.Sc., Ph.D. Price Re. 1-8 0 or 2s. 6d. 

Report on the Cost of Production of Crops in the Principal Sugarcane and 
Cotton Tracts in India, Vol. I, The Punjab (1938). Price Rs. 13-6 
or 21a. 6d. 
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ICAR. 1911 

ICAR. 19 III 

ICAR. 19- IV 

ICAR. 19* V 

ICAR. 19 VI 


Report on thn Cost of Production of Crops in the Principal Sugarcane and 
Cotton Tracts in India. Vol. II, Bombay (1938). Price Rs. 10>12 or 
17s. 

Report on the Cost of Production of Crops in the Principal Sugarcane and 
Cotton Tracts in India. Vol. Ill, United Provinces (1939). Price 
Rs. 12-4 or 19s. 

Report on the Cost of Production of Crops in the Principal Sugarcane and 
Cotton Tracts in India. Vol. IV. Madras (1938). Price Re. 9-4 or 
14s. 6d. 

Report on the Cost of Production of Crops in the Principal Sugarcane and 
Cotton Tracts in India. Vol. V. lUhar (1938). Price Rs. 8-4-0 or 
13s. 

Report on the Cost of Production of Crops in the Principal Sugarcane and 
Cotton Tracts in India. Vol. VI, Bengal (1938). Price Rs. 6-10 
10^?. 3d. 


ICAR. 19* VII. Report on tho Cost of Production of Crops in the Principal Sugarcane and 
Cotton Tracts in India, Vol. VI 1. Central Province.^ and Berar (1939). 
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The Indian Journal of Agricultural Science 
VoL. IX, Part IV, August 1939 

Page 604, Table VII, column 6, /or “ Per cent itrogen ” read ** Per cent nitrogen 
Page 636, line 6, /or “ resent ” read ** present **. 

Page 636, line 6, for ** emale ** read ** female 
Page 637, last but one line jot “ last ** read “ lasts 

VoT . IX, Part V, October 1939 

Plate XXXV, explanation of Fig. 10c,/or * Schlorortia ' read • Sclerotia 

Plate XXXVII, IetterT)res8 under Fig. 1, line 3, /or ‘ inocuation * read * inoculation \ 
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FINAL REPORT ON THl^ S(’HEME OF INVESTIGATION 
ON THE WHITE -EJ.Y OF ( OTTON IN THE PUNJAB 

BY 

M. AFZAL HUSAIN, M.A. (Uantab), I.A.S. 

Vice-Chancellor, fJnivrrfiity of tkf>. Pun job, Lahore 

AND 

K. N. TREHAN 

Punjab Agricultural College, Li/alJpur 
(Rooeived for publication on 25 September I 'J30) 

Genesis of the scheme 

T HPi whito-Hv of cotton was first noticed in the Punjab in 1915. In 1022 it 
was reported as a serious pest of cotton in iIk' Moutgomerv district, anrl 
casual observations were started by th(' Entomological Section of the Depart- 
ment of Agriculture, Punjab. By 1925 tine insect luul increased so greatly 
that it called for special attention. Einally in 192s a spc^cial assistant was 
deputed for this investigation. In April, 1929, the Indian (Vntral Cotton 
CommitWe sanctioned a senior scholaishi]) for this work and ajipointed Mr. 
Kidar Nath Indian for two years. 

A three years scheiue of investigation \\as sanctioned in 1931 at a total 
expenditure of Rs, 28, J'hc scheme was fui-th(u* (‘Xtendcil for two years 
and the total expenditure for the^e two \eai^ was Rs. 17.574. A furthei 
extension was given for writing up th(^ results at a cost of Rs. 3,029. 

A supplementary scheme for spraying tiials was sanctioned for one year 
(1933-34) at a cost of Its. 11,259. In the following year (1934-35) spraying 
trials scheme was sanctioned at a cost t)f Rs. 4,355. 14ie Indian Cmitral 
Cotton Committee have also sanctioned a sum of Rs. 4, loo to undertake spraj^- 
ings during a bad w hite-fly year. 

Publications 

The results of the investigations carried out have beim published in the 
following contributions : — 

1. Afzal Husain, M., 1930. ~ ‘ A Preliminary NoU^ on the White-tiy of 
Cotton in the Punjab ' : — The Agricultural Journal of India, 
Vol. XXV, Part VI, pp. 500-25 

2. Afzal Husain, M. and Trchan, K. 1933. — ‘ Observations on the 
Life-historjs Bionomics and Control of the White-tly of Cotton 
(Bemisia gossypiperda M. and L.) ' : — Indian Journal of Agri- 
cultural Science, Vol. Ill, Part V, pp. 701-53 
( 101 ) 
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3, Afeal Husain, M., Trehan, K. N. and Verma, P.M,, 1936. — ‘ Studies 
on Bemisia goasypiperda M. and L. No. 3, Seasonal Activities of 
Bemisia goasypiperda M. and L. (the White-fly of Cotton) in the 
Punjab ’ : — The Indian Journal of Agricultural Science, Vol. VI, 
Part IV, pp. 893-903 

4. Afzal Husain, M., Puri, A. N., and Trehan, K. N., 1936. — ‘ Cell 
Sap Acidity and the Incidence of White-fly {Bemisia goasypiperda 
M. and L.) on Cottons ’ Current Science, Vol. IV, Part. VII, 
pp. 486-7. 

r>. Afzal Husain, M., Trehan, K. N., and Verma, P. M., 1939. — ‘ IScono- 
mics of Field Scale Spraying against the White -fly of Cotton 
{Bemisia goasypiperda, M. and L.) in the Punjab ’ : — The 
Indian Journal of Agricultural Science, Vol. IX, Part T, pp. 
109-26. 

The following papers have recently been submitted for publication ; — 

1. Nature and Extent of Damage caused by White-fly of Cotton. 

2. Further Observations on the Bionomics of the White-fly of Cotton. 
In view of the fact that a great deal of material obtained has already 

been printed and the rest is ready for publication, only a }>rief summary giving 
the main results is being presented. 

BBJEF Sl'MMABV OK THE RESULTS OK INVESTIGATION 

During the five years that the scheme has run, a thorough study of the 
external characters, life-history and bionomics of the white-fly of cotton has 
been made, its seasonal activities have been studied and the nature and extent 
of damage done by it to the cotton crop has been assessed. In addition 
insecticidal method of control has been worked out on a field scah*. Incident- 
ally our work has also established that the white-fly is iK)t the main factor in 
causing ‘ cotton failure ’ in the Punjab. 

Distribution 

An intensive study of the distribution of Bemisia goasypiperda has been 
carried out. This inseef is widely distributed in the Punjab and has lieen 
recorded, from cottons or other alternative food plants, from almost all the dis- 
tricts of the province up to a height of 4,900 ft. above sea level. The severest 
of attack is, however, confined to Lyallpur, Jhang, Shahpur (Sargodha), 
Multan and Montgomery districts, the so-called ‘ canal colony tracts ’. This 
white-fly probably occurs in other parts of India also but exact information 
on this point is lacking. In Sudan and (X'rtain parts of Africa it is known 
chiefly as a vector of the ‘ leaf-crinkle ’ disease of cotton and tobacco. 

Description of various stages 

Bgg. — Almost oval, stalked, light yellow when freshly laid, subsequently 
changing to dark brown. 

Nymph of 1st instar. — Oval, light yellow, margin of body with 16 pairs of 
bristles. Legs functional. 

Nymph of 2nd instar. — Oval, depressed, pale greenish yellow, legs degene- 
rate, without any joints. 
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Nymph of 3rd inatar, — Shape and colour identical with nymph of 2nd 
instar. 

Pupa. — Body slightly convex, deep yellow. Spines on the back variable 
in number. 

Adult, — Body yellow with two pairs of white wings. Eyes constricted 
in the middle. Hind legs longer than others. \lr\ the male abclomen {‘ telly *) 
tapers posteriorly. I 


Behauiour of adults 

(a) Attraction of adults to coloured lights. — According to Lloyd adults of 
A. vaporariorum are attracted to yellow-coloured light. A similar study was 
carried out with B. gossypiperda and it was found that they showed the great- 
est attraction for yellow-green coloured light and next highest for yellow, the 
least number of them was attracted to bright red, orange red, dark green and 
jmrple coloured lights. 

(/>) Bange of flight, — B. gossypiperda feeds on a large number of plants. 
It is, therefore, difficult to study its range of flight unless the locality in which 
such observations are made is free from this pest. Observations, however, were 
made to determine the height vhich this pest attains during flight. The 
insect has been found at a height of 40 feet above ground level but as it is 
carried away long distances by wind, it is not improbable that it may be 
found at heights greater than that recorded by us. 


Life-history 

Kemisia gossypiperda pnxluces about 12 broods in a year but the genera- 
tions overlap, and, therefor^ all stages of the pest are met with tlmoughout 
the year. It biwds practicjly all the year round, ofUm parthenogenetically, 
the unfertilized eggs producing only males. Eggs ai-e laid singly on the leaves 
and each is inserted in the tissue by a short stalk. In confinement they may 
also be laid on the stumps of defoliated seedlings. In this case the nymphs 
die off shortly after hatching. Laboratory observations show that the top and 
middle leaves are preferred for oviposition, for 51 -o per cent and 4(3 7 per 
cent respectively of the eggs were laid on them, while 1 * 8 per cent only were 
laid on the lower leaves. Much the same kind of behaviour is also noticed 
in the field. It has also been observed that in nature eggs are laid invariably 
on the lower side of a leaf. 

A single female may lay, on an average, 28 to 43 eggs during its oviposi- 
tion period, which may last from 2 to 18 days : she lays six to eight eggs 
in 24 hours. Temperatures between 33 and 37°C. are the most suitable for 
oviposition, no eggs were laid at 19®C. 

The incubation period varies from 3 to 33 days depending upon the tem- 
perature. During the season of the growth of cotton plants, i.e. April to Sep- 
tember, eggs hatch in three to five days, during October to November in 5-17 
days and during February to March in 7 to 16 days. In December and January 
the incubation period may be as long as 33 days. 
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The insect has three nymphal and a pupal instar. The duration of the 
three nymphal instars varices from S to 14 days from April to the end of Septem- 
ber but from Octol)er onwards this period is considerably prolonged and ranges 
from 17 to 73 days. Unlike^ the Citrus Alenrodidw the pupal stage of Bemisia 
gossypi^^erda is very shoit and occupies only two to eight days. The adults, 
which emerge, as a' rule, during the day time, do not live very long in summer 
and in captivity their lil'e lasted two to five days. During November, how- 
ever, sonu^ adults lived u}) to 24 days. A ('omplete life-cycle from egg to 
adult may occupy from 14 to 107 days. During April -September it occupied 
only 14 to 21 days. Ilu* shorb^st life-cycles were observed during August. 
From October onv ard the life-( yele is much prolonged and in one case during 
these inv(‘stigati(»ns it extended up to 97 days between Noveml)er-February. 

Food phnds avd seasonal history 

Bewisia (jossypipcrda is ])(>lyphagous and a list of its host plants in the 
Punjab includes no less than 44 species, both cultivated and wild, belonging 
to about 13 faniilie.^. ]rresjH‘(*tiv(‘ of any preference for any of its food plants, 
the density of white-tly pof)ulation on a particular host is influenced to a large 
extent by its proximity to the eoHon fields infested by it, protection from 
wind, adequate liumidit\ and, uhat is probably most important of all, radical 
changes in tla^ composition of cell-sap of tlie leaves of the plant at different 
periods of growtli indicating th(‘ ])hvsiologieal state of the host. At times, 
however, the intensity of infestation on eertaij) <if the host plants increases 
sporadically. 

In general tlu* white-fly undergoes three phases of migration during the 
course of a year : 

1. During November when the cotton crop is maturing and the leaves are 
drying up and sheddino, the white-fly }>opulation falls on this plant and 
infestation starts on such alternativt* host })lants as rape* (Brassica 7uipus), 
cauliflower {B. oleracea), tiirni}) (B. raffo) and potat(» {SoUtnuni tid^erosmn), 
among tlie cultivated })lants and Sonchtfs sp])., Enphorhia sp. and ( 'Onvutnulus 
arvensis among the eonimonc*!* of the* weeds. From DecemlK"r onw^ards 
the iiumher of adults falls considc*ral)ly, but the immature stages I’emain on 
these alternative h()st> tliroughout the winter. The adults commence emerg- 
ing from about the end ot «january and multiply once again on the winter 
host plants already named above. 

2. By the* end of March the white-fly migrates to its spring host-s, namely, 
(Jucumis w('lo, (h'trvlfns vulgaris, Cvcvmis satirm, iMge^iaria vulgaris^ etc. 
where rapid multiplication takes }>lace. From April onwards ratoon cottons, 
Nicoiiana iabacurn, Hitnsevs esculent us and Althea rosea are also sen’^eredy infest- 
ed. During April and May ratoon cottons and melons form the most import^ 
ant breeding centres. 

3. The wdiitc*-fly makes its appearance on the? new cottons early in May 
soon after the crcjp has germinated, but the attack at this stage is extremely 
low ae compared to the other host plants. From June, however, partly be- 
cause of migration from the alternative host plants, but mainly on account of 
the rapid multiplication of the pest, the intensity of attack increases enor- 
mously on the new^ cotion crop. The data collected have established the fact 
that the period of the severest attack on cottons extends from June to August 
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after which the infestation, as a rule, declines abruptly. To determine the 
status of various host plants as the true food-plants of B, gosstjpipcrda, a 
series of cross-inoculations was carried out. It was found that this insect 
is not so unorthodox as to feed on all and sundry plants. For example, 
repeated attempts were made unsuccessfully to breed it on chari {Andropogen 
Sorghum), Furt!u‘r, it has Ijeeii observed that the pest prefers certain plants 
for oviposition and this prcferc^nce depends upon the time of the year and its 
own period of migration. 

CUm2>oraiire ivfeslaiiou of different varieties of cotton, 

It has been stated commonly that ihe incidence of white-fly attack is 
higher on the broad-leaved varieties (F^unjab-American) than on the narrow- 
leaved varieties (desis). A c(*nsus of white-jiy nymphs and eggs taken on four 
varieties, 289-F and 4-F, representing th(‘ Punjab-Americans, and mollisoni 
and sanguincum , representing the desi varieties, was taken from 1931 to 1933. 
The 1 ‘esults indicate that the insect show's no selective prefi'nmce in infesting 
varieties of cotton all of which are liable to be attacked almost equally severely. 
The Desi vari(dies, in general, an* comparativ(dy more infested during the 
growing period, i.e. till about the end of August, after which the attack 
increases on the American varieties. The attack may increase once again on 
desi varieties towards the end of th(* sc^ason when they may Ijegin to sprout. 

During 1934 and 1935 some new sek'ctioiis of the American types were 
compared with inollisofii, -t-Fand 289-F. During the growing period the w'hite- 
tly infestation was signiti(*antly high(*r on the d(si variety, wliereas during the 
fruiting period it iiKT(*ased on tlie American tyjie^. While determining the 
cause (»f this change-over of infestation, it was n()tict‘d that the incidence of 
attack corr(‘spond(*d with the trend of the curve, indicating partiality 
towards high(U’ values. The infestation, however, was not affected immedia- 
tely, hut after some tinu‘, because the nymphs, being fixed on the leaves, 
must take some tinu* before the effect (»f the change in can be appreciated 
by them. Idiis finding is of considerable importance in ab,Nolving this pest of 
the blame of being the main cause (»f cotton failuivs liecause it is only the 
Americans that fail. 

Ivcidivce of v lite-Jiy attack' in relatifv to amount of v'atir applied 

The type which received the largest number of irrigations and, conse- 
quently, th(» maximum amount of water, had on an average, the lowest wliite- 
fly attack. On the other hand, the types which received rt'stricted irrigations 
with a con'Csponding minimum supply of water, wen' comparatively severely 
infested. 

Influence of date of soudng and of mariures on the incidence of white-fly attack 

The incidence of attack on the early-sow n crop was found to be compara- 
tively higher up to September after which it was practically uniform on all 
the sowings. There is not much difference between the cotton sowm between 
1st May and 1st June, but tbe cotton sown later escapes the attack of the 
pest. The intensity of attack w as slightly low er on manured plants but plants 
treated with ammonium sulphate or super phosphate early in the season (June 
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or July) at the rate of 1 * 5 maunds per acre showed comparatively less attack. 
It was also observed that the relative infestation was si^ificantly lower in 
the plots treated early with nitrogenous manures both in the rich and poor 
soils. On the other hand, early manuring in poor soils and late manuring in 
rich soils yielded better out-turns. 

Climatic conditions and condition of the host plant and icMte-fly attack 

A correlation between the white-fly population and the meteorological 
condition of a locality points to the conclusion that the attack is highest in 
areas (canal colony tracts) of high temperature and scanty rainfall. On the 
other hand, the attack is lowest in the south-east and the north-west Punjab 
where rainfall is high or the climate is rather temperate. 

Some experiments were also performed to study the condition of the host 
plant, as influenced by changes in the soil, in relation to its infestation by the 
white-fly. Although very definite conclusions are not possible, the evidence 
available seems to show that white-fly attack was relatively low on plants 
grown in soils of slightly lower value (6 *64 brought about by addition of 
ferrous sulphate) as compared to those grown on more alkaline soils (8*55 ; treat 
ment with sodium carbonate). The vegetative growth of the plants may 
indirectly affect infestation. With ferrous sulphate treatment, however, the 
attack was comparatively lower although the plants were below normal in their 
vegetative growth. Further, the highest number of bolls and relatively low 
shedding were noticed on the plants treated with ammonium sulphate or 
sodium nitrate. The least alkaline soils gave very poor yields in spite of low 
attack of the white-fly, but the highly alkaline soil also gave a poor yield with 
a correspondingly higher infestation. 

Although there seems some possibility of preventing an attack of sucking 
insects through soil treatment, the full possibilities of controlling this pest by 
this method remain unexplored. 

Nature and extent of dnmage 

Unlike most sucking insects, Aleurodidcp. do not produce any visible 
injury, such as spotting, crinkling or any other deformation on their host 
plants. Bemisia gossypiperda has been regarded as the vector of leaf-crinkle 
of cotton in Sudan and a probable transmitter of leaf-curl in Zinnia at Dehra 
Dun and of tobacco at Pusa. In the Punjab up to the present time the white- 
fly infestation of cotton is not associated with leaf-crinkle of any typo whether 
caused by a virus or any other toxic agency. Indeed, leaf^-curl or leaf- 
crinkle of cotton as a virus disease has not so for been discovered in these 
parts. Nor is there any evidence that the white-fly of cotton is in any 
way associated with the recently discovered ‘ smalling ’ disease of cotton in 
the Punjab. 

The obvious results of white-fly attack are : (1) drain of the plant juices, 
which results in lowering the vitality of the plants, (2) development of a black 
fungus on the honeyrdew which is exuded by the nymphs and pupm and drops 
down to the lower leaves, thereby interfering with the photosynthetic activi- 
ties of the plant. 
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In the absence of any mechanical injury to the plant tissues the effects of 
white-fly infestation were studied in relation to the physiological changes 
connected with the growth and reproductive activities of the host plant. 

The work carried out at Lyallpur throughout the period of this scheme 
has shown that the infestation of a plant by the white-fly is detrimental in all 
its stages, viz. the growth period, the time of flower and boll formation and of 
lint and seed development. Further, the effects of the attack are more serious 
in the later part of the growing period — ^the flowering stage, when important 
changes and adjustments in the vital nutrients are going on in the tissues of 
the plants and making it most susceptible to injury. 

During the period of severe infestation the vegetative growth is checked 
and in most serious cases may almost be stopped. Boll formation becomes 
indirectly proportional to the intensity of attack ; whereas the shedding and 
bad opening remain in direct proportion. The bolls produced by the un- 
infest^ plants were well-developed and yielded a maximum weight of kapas. 
The severity of infestation, particularly when it appears late in the growing 
season, lowers the yield of lint and in all respects affects the plants adversely. 

An analysis of the above conditions has shown that infested plants are 
deficient in their moisture percentage with a corresponding increase in dry 
matter. Attacked plants also carry a higher carbon-nitrogen ratio, a condi- 
tion which has been shown to retard both vegetative^ and reproductive growth. 
Experiments performed in 1932, 1034 and 1935 definitely indicated that a 
relatively higher infestation by the white -fly not only decreases the dry weight 
of the plant, but also leads to slightly greater shed^ng of leaves, floral buds, 
flowers, etc. It was also determined that the maximum loss in the dry weight 
of the vegetative portion takes place during August-September. From 
October, however, the loss is manifested in the weight of the reproductive 
organs. 

Mineral ash , — About 36 per cent more ash w^as produced by the healthy 
plants of which 11*3 per cent was estimated to have been transported to the 
bolls. 

Fat , — ^The percentage of fat >vas comparatively higher in the foliage of 
healthy plants, while that of carbohydrates was relatively higher in the foliage 
of infested plants throughout the season. 

Analysis of healthy and infested plants in 1032 showed that (1) nitrogen 
is higher in the foliage of the uninfested cotton plants till the middle of August 
after which it may rise in the foliage of the infested plants : it is considerably 
higher in the bolls of the uninfestud plants, (2) healthy plants, on the whole, 
pi^uce more total nitrogen than the infested ones in which the transport of 
nitrogen, ash and fat from the vegetative to the reproductive organs is marked- 
ly reduced. It is surmised, therefore, that the reduction of bolls which occurs 
on the infested plants is the result of some dislocation in the carbohydrate 
and protein balance. 


Control 

Predators and parasites . — ^The third instar nymphs and pupae of Bemisia 
gossypiperda have been found parasitized by Ch^cid parasites which deposit 
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their eggs within the body of their hosts, the parasites completing their life- 
cycle in six to seven days in August. Larvae of a lacewing fly (Ghryaopa sp.) 
and of a Coccinellid beetle (Brumus) have been observed feeding on the adults 
of the cotton white-fly and observations also showed that the number of 
adults killed by an individual grub of Brumus or Chrysopa sp. far exceeds that 
which is actually required for its feeding. These enemies, however, do not 
afford any satisfactory control. 

Cultural methods . — ^The cultural practices, such as altering the dates of 
sowing and the amount of water applied, do not hold out much promise of 
materially reducing infestation by this insect. Clean cultivation and safe 
disposal of alternative hosts in the cotton off-season will, however, to a certain 
extent reduce the extent of white-fly attack. Proper manuring at the right 
time may help the plants to recover from the damage caused by the white-fly. 

Spraying. — Small-scale spraying experiments were conducted against 
this pest during the years 1929-1932. Results of single and double sprayings 
were compared. Double sprayings once in July and again in August proved 
very effective. A single spraying in September or double spraying with the 
2nd treatment falling during that month resulted in a relatively much lower 
increase than even in case of a single spraying in July or August. J^ate spray- 
ing in September causes additional flower and boll shedding and ultimately 
affects the yield adversely. Since these spraying operations gave encouraging 
results, it was felt necessary to estimate the efficacy and economics of this 
method of control on a field scale. This was made possible by a grant of the 
Indian Central Cotton Committee for spraying trials during 1933. 

Extensive spraying operations were conducted from the 10th July to 31st 
August on the British Cotton Growing Association Farm, Khanewal, and at 
the Military Farms, Okara. These spraying trials were repeated during 1934 
to confirm the previous results and to improve the technique of spraying. 
Both desi and American cottons were treated in 1934, when the operations 
were extended to Sargodha as well. Most of the area under these field trials 
was sprayed with rosin compound but a number of other insecticides, such as 
rosin soap, fish-oil soap, tobacco decoction, kerosene oil emulsion and lime 
sulphur, were tested on smaller scales. Rosin compound proved to be the 
most satisfactory insecticide. 

In all 1873 acres of cotton crop were sprayed during 1933 and 2640 acres 
in 1934. Machines of the ty|)e of cart sprayer proved useful as their working 
was very easy and economical, but the Hardie sprayer with two horse power 
motor pump yielded very satisfactory results, both with regard to the morta- 
lity of the pest and the cost of spraying. These cart sprayers can only be 
worked when the crop is sown in lines and has not grown very tall. To test 
the possibilities of employing a sprayer which kept outside the field — an 
orchard power sprayer — with pipes laid in the field was used. It gave a kill of 
96 * 7 per cent ot adults and 93 • 9 per cent in nymphs and pupas — ^the maximum 
obtained, but it was cumbersome and uneconomical. 

The maximum quantity of insecticide consumed in 1933 was 68 *2 and 
43 • 3 gallons per acre with Uardie and Sapom respectively : the orchard power 
sprayer consumed 68 * 4 gallons per acre at Okara* 
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The average time required for spraying one acre of cotton was 12*4 to 26 
minutes, depending upon the machine. 

The cost of spraying with rosin compound varied on the whole, from 
Re, 1-2-3 per acre with the Sapom sprayer to Re. 1-7-9 with the Hardie sprayer 
and Rs. 2-9-9 with the orchard power sprayer during 1 934. These costs were 
lower than those of 1933 by 15-5 per cent, 8*1 per cent and 21 1 per cent 
respectively. The cost was comparatively higher with other insecticides 
under trial. It is possible, however, to reduce the cost still further by paying 
more attention to details connected with these operations. 

Spraying deal cotton during the month of July and American cotton 
during August increased the yield. The average increase in yield per acre by 
spraying was 0 • 5 to 2 • 0 mds. for American when sprayed in July and August 
and about the same for deal when sprayed in July. Spraving of deal cottons 
in August, however, yielded negative results. It was found that spraying 
must be done before the flowers appear. 
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Introductory 

A bout the middle of March, 1939, in the ex])eriraental plots of safflower 
(Carthamus tinctorius) of the Imperial Economic Botanist at New Delhi, 
some of the flower buds presented a diseased appearance, the chief symptom 
of which was an t)dorous juice oozing out from the apical region of the buds. 
Such buds were found to contain dirty-white maggots of a fruit fly which has 
been identified as Acanthiophilus helianthi Rossi. This is the first record of 
this genus and species from India. 

The pest was very active during March, April and May and caused serious 
damage in both early and late sown varieties of safflower, the infestation being 
♦as high as 90 per cent. The young florets were damaged by the maggots 
with the result that the buds opened partially or did not open at all. 

As the cultivation of safflower is being considerably extended in India for 
the dye obtained from its flowers and for the oil obtained from its seeds, there 
is danger of the spread of the pest which can be carried in the pupal stage 
mixed amongst the seeds from one place to another. 

Detailed observations on the biology of the pest have been taken during 
the last spring and summer. As the pest is new and is of considerable potential 
importance, the results of investigation so far obtained are being published, so 
that workers in other regions of India may be able to recognize the pest if it 
occurs there. 


Distribution and host plants 

Chiefly through the coiudesy of Mr. Munro, Entomologist, Department 
of Agriculture, South Africa, we have been able to obtain the follo wing in- 
formation about the distribution of AcanOiiophUus hdianthi Rossi in other 
countries ; — 

The species was originally described by Rossi in 1790 and has been lefened 
to in literature as Trypeta duta by several workers [Meigen, 1826 ; Effla to nn 
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1924, etc,]* The species is recorded from the Canary Islands, the Mediterran- 
ean region, Central Europe, North Africa, Egypt, the Sudan, Erytrea, Asia 
Minor, Persia and Central Asia. The recorded host plants are : Centaurm 
spp., Cnicvs lancex}latu8, Silybum ^imrianum^ Onopordon illyricum, AmJierboa 
lippiy Leuzea conifera and Cartharmis UnctoritLS. According to Hendel [1927], 
the maggots as a rule live in the flower heads, producing galls, but they are 
also found at times in the stems, as in the case of Cnicus lanceolatus. Most of 
the host plants listed above seem to be more or less weeds, with the excep- 
tion of Carihamua tirictorius (safliower), with regard to which Hendel [1927], 
reports a record by Handlirsch of rearing the maggots from the flower head 
but does not state the locality. 

As stated already, there is no previous record of the occurrence of A. 
hdianthi from India, but probably the fly recorded attacking seeds in plants 
of safflower [Rati Ram, 1927] in the Central Provinces was this species. 

Nature of pamage 

The flies were observed on wing in tlie field for the first time 
about the middle of March and infestation of the safflower buds by the 
maggots was evident a week afterwards. The maggots feed upon the essential 
organs of the florets and even bore into the thalamus. The infested bud 
begins to rot and the fluid thus produced oozes out from its apical portion and 
gives it a damp appearnace (Plate III, fig. 2). If such a bud is squeezed between 
the fingers, the fermented liquid along with one or two maggots come out of 
the tip of the bud. Furthermore, in advanced stage of attack, the florets 
become black, presenting an emaciated and withered appearance (Plate III, 
fig. 3.) J 


Incidence of the pest in various varieties 

Out of the 34, varieties grown for experimental purposes by the Imperial 
Economic Botanist, the felted varieties (No. 11 —15) and the varieties No. 20- 
22, 30 and 34 w^ere attacked more than the rest, early in the season, viz., from 
the third week of March up to the end of the first week of April. All the varie- 
ties named above are much less spiny and are late in flowering. The second 
generation of the pest which lasted during the second and third wrecks of 
April was rather small in numbers, probably on account of the activity of tlie 
parasites and the predator described hereafter. In the fourth week of April 
the third generation of the fly w’^as in evidence and the incidenc>e increased 
rapidly in all the varieties, the degree of infestation being again higher in the 
felted and the less spiny varieties as compared to the spiny ones. A statement 
of the attack of the pest in different varieties during the season would be 
found in the appendix. 

It may be added that incidence in the wild safflower w hich is very spiny 
was lower than in any of the spiny cultivated varieties. How^ever, after the 
first week of May when all the cultivated varieties had been harvested, the 
pest was found in abundance in the wild safflower, which was in flower and was 
found growing along the field drains and elsewhere in uncultivated areae. 
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Life-history and description of various stages 


The flies were observed laying eggs in the field from sunrise till 
about noon. For oviposition the fly prefers a young bud, walks over its 
surface several times, pricks it at a number of places with its black and rather 
shiny ovipositor, the duration of each pricking being about 6 seconds, and 
finally selects a place where it lays the eggs. The behaviour of the female in 
the actual process of oviposition was observed to be different in several respects 
from other common fruit flies, vis!., Dacus spp. During this process which 
lasts about two minutes, the female slightly bends the abdomen, its ovipositor 
in action making an obtuse angle with the surface of the bud. It is entirely 
motionless during egg-laying, ap[>earing as if it is dead. After laying eggs, 
which may vary in number from 6 to 24 in a cluster, the female lashes its 
ovipositor up and down in the air, cleans it with its hind pair of legs before 
retracting its extended parts into its basal portion. 

The eggs are laid in punctures either on the innerside of a bract belonging 
to the innermost row of bracts of the involucre (Plate III, fig. 4), or on a mem- 
braneous calyx leaf of one of the peripheral ray florets or on the corolla of a 
ray floret. ITsually one and in some cases two egg-punctures are observed on 
one bud (Plate III, fig. 2). The egg (Plate 1 1 1, fig. 5) is white when freshly laid. 
It is cylindrical, elongated (1 • 12 mm. x0"2 mm.), truncated and drawn out at. 
one pole and narrowed at the other pole wliicli has a minute knob. The 
drawn-out region of the egg is hyaline. The chorion is marked all over, except 
at the tnmcated pole, with elongated, hexagonal areas converging towards 
the opaque knobbed end. During hatching, which takes place usually in the 
morning hours in the laboratory, a slit appears at the hyaline pole and the 
young maggot wriggles out (Plate III, fig. 6). The young maggot begins to feed 
on the florets at once. It is 0-75 mm. x 0-2 mm., creamy- white, cylindrical 
and narrow in the head region (Plate III, fig. 7). The segments are clearly 
marked. The cephalo-pharyngeal skeleton is slightly chitinized. The maggot 
at this stage is metapneustic, only the posterior pair of spiracles being present. 
Each spiracle has two slits. 

The full-grown maggot (Plate III, fig. 8) measures 5-0 mm. / 1-5 mm. It 
is light ochraceous, cylindrical, broad in posterior region and gradually tapering 
in the anterior and pointed at the head. The posterior end of the maggot is 
almost truncated. The head is pear-shaped, with the oral opening situated on 
the ventral side and bears : — (t) a pair of antennae ; each antenna being com- 
posed of apparently one joint which is minute, cylindri<!al and has a knob- 
like apex (Plate III, fig. 10, an .) ; (ii) maxillary palps : each palp is situated just 
below the corresponding antenna and has three to four papilli-form sensoria 
(Plate III, fig. 10, m.p.); {in) the cephalo-pharyngeal skeleton, which is a highly 
chitinous structure and extends up to the first thoracic segment (Plate III, 
fig. II). It is composed of the following : — 

(1) A pair of oral hooks or mandibular sclerites or mandibular hooks, 
which are furnished each with two strong teeth ; the apical tooth 
is curved and the pre-apical ^th, which is smaller and 
curved, is directed downwa^ iuid Minewhat backwards^ ' 




PLATE III 

Fio. 1. Healthy bud (Natural siae) 

Fig. 2. Damaged bud (Natural siae) 

Fig. 3. Vertical section of damaged bud (Natural sise) 

Fio. 4. An egg mass (x 4) 

Fig. 6. The egg ( X 16) 

Fig. 6. The hatching out maggot ( X 16) 

Flo. 7. The newly hatched maggot (Xl6) 

Fig. 8. The Full-grown maggot (XlO) 

Fig. 9. The anterior spiracle of one side ( X 192) 

Fig. 10. The antenna and maxillary palp of one side (highly magnified) 
Fig. 11. The cephalo-pharyngeal skeleton (X80) 

Fig. 12. The posterior spiracles (xlOO) 

Fig. 13. The pupa (XlO) 

Fig. 14. The female fly ( x 10) 

Flo. 15. The head of the imago ( x 10) 
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(2) A pair of hypostomal or intermediate sclerites (fe). They are 

elongated, the broad posterior margin being one and a half times 
or twice the narrow anterior margin. A pair of rod-shaped 
sub-hypostomal sclerites {s. h.) connects these sclerites with the 
oral hooks. 

(3) Cephalo-pharjugeal sclerite (Cph,) which is made up of two shafts 

united anteriorly, the free portions being forked. Posteriorly, 
each branch of the fork is further divided into two appendages. 

The body of the fuU-gi’own maggot has besides the head, 11 visible seg- 
ments, three thoracic and eight abdominal. At this stage the maggot is 
amphipneustic, the anterior and posterior spiracles being borne by the first 
thoracic and the last body segment respectively (Plate III, figs. 8, 9, 12). The 
long tracheal tubes arc visible within the integument. The anterior spiracles 
are cup-shaped, the margin of each spiracle being fringed with six oval lobes. 
The posterior spiracles are almost reniform, eacli possessing three elongated 
oval slits which are notched at the peripheral end. The inner walls of the slits 
are chitinized and fimbriated. In each of the inter-spiracular areas there 
are one to four very minute hyaline lanceolate processes. The pscudopods, 
which are clearly seen in the abdominal region of the maggots of several 
species of fiuit flies especially of the subfamily Dacinae, are not distinct in 
this species. Girdles of four to right rows of minute conical spines with their 
apices directed backwards are found in the inter-segmental region of the body. 
There are fewer rows of spines in the thoracic than in the abdominal segments. 
The maggot is not capable of jumping, a habit which is so characteristic of 
the maggots of other Trypetid flies, particularly those infesting fruits. 

Pupation generally takes place in the flower bud, the puparia being rarely 
met with in the soil. The puparium (Plate III, fig. 13) measures 4*25 mm.x 
1*75 mm. It is barrel-shaped, black with a metallic tinge. There is a small 
depression in the thoracic region. The larval girdles of spines and the spiracles 
are retained and ocjcupy the same positions as in the maggot. 

The flies emerge and leave the infested flower bud through small holes on 
its surface, previously made by the full-grown maggot, each exit hole 
being about 2 mm. in diameter. The newly emerged flies are rather sluggish, 
their eyes emerald -green (Plate III, fig. 15) and the body ash-grey. The greyish 
markings on the apices of wings are not well developed. The flies soon become 
active and I'esurae their normal appearance within a few hours in the field. 
They are ash-coloured, bristly, with reddish-brown frons and light brown legs. 
The male is smaller in size than the female (Plate III, fig. 14) which is about 
6-5 mm. in length. The flies are lovers of sunshine flying about flower heads 
of saflBower from sunrise to sunset. 

The duration of various stages (average of five readings) in April in the 
laboratory having average maximum and minimum temperatures of 85*2®P. 
and 78*5®P, respectively, was as follows : egg, 25 hours ; maggot and pupa, 
each seven days. The adults could be kept alive when fed on peptone, yeast 
and sugar under laboratory conditions for about ten days but one male speci- 
men lived as long as five weeks. During the period of six weeks from about 
the middle of Mwch up to the first week of May in the safflower season the fly 
completes three generations, 



114 THE INDIAN JOURNAL OP AGRICULTURAL SCIENCE [X 

Parasites and predators 

The following parasites and predators of the pest were observed : — 

1. Tropideucoila sp. (probably a new species of the family Cynipidse). 
The adults of the parasite were found in small numbers in the field between 
the end of March and the second week of April. Also a few specimens emerged 
from the rearing cages in the laboratory. The parasite ^d not seem to 
appreciably reduce the population of the pest. 

2. Ormyrm sp. (Fam. Torymidse). The chalcidoid wasp was very common 
in the field and emerged in large numbers in the rearing cages in the laboratory 
during the second and third weeks of April when the pest was in the second 
generation. On account of paraaitization by this species a significant reduction 
in the population of the pest was observed in the field and the attack decreased 
markeiy as would be found in the statement of incidence of the pest in the 
appendix. In association with this parasite, the species Stenomalm muscarum 
(Linn.) (l*teromaMae) and Eurytoma sp. were also found, but the precise role 
played by them has not been determined. About the same time, the 
neuropterous predator, Chrysopa virgestes was also quite common in the field 
and its nym})h8 were found devouring the pest maggots. In the third genera- 
tion of tlie pest, extending from the last week of April up to the second week 
of May, the chalcidoid parasites and the predator were found occurring in very 
small numbers and the higher incidence of the pest at this time was probably 
due to this. 


SOMMARY 

] . Acanthiophilus lidianthi (Trypetidse) has been noticed for the first time 
as a serious pest attacking safflower in India. This is also the first record of 
this genus and species from this country. 

2. The pest was active from March to May and caused serious damage to 
both early and late sown varieties of safflower, in some of which the infestation 
of floral buds, was as high as 90 per cent. 

3. The fly punctures the flower bud and lays eggs on the inner side of its 
involucre. The maggots feed upon the florets and even bore into the thalamus. 
The florets are thus partially or completely destroyed, with the result that the 
bud does not open. Pupation takes place generally in the bud. The flies 
emerge through small holes on the surface of the bud. The duration of various 
stages in April in the laboratory with average maximum and minimum tem- 
peratures of 85-2°F. and 78'5°F. was : egg, 25 hours, maggot and pupa, each 
seven days and adult, 10 days. The fly has three generations during the 
season (March-May). 

4. Two species of hymenopterous parasites on the immature stages of the 
pest are recorded. 
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Appendix 


Statement of the imidence of the fmit fly on various varieties of safflower at Delhi 
from 28th March to 15th May 1939 


Serial 

No. and 
features 
of 

the type 

Number 

of 

observa- 

tions 

Total 
No. of 
flower 
buds 

examined 

Average 

percent- 

age 

of 

attack 

Range of incidence and remarks 

1. (S. L.) 

17 

449 

14-7 

5—40 per cent ; attack increased 
after the third week of April. 

2. (S. L.) 

17 

600 

12-4 

6 — 46 per cent ; attack increased 
after the third week of April. 

3. (S. E.) 

1 

17 

. i 

416 

16*6 

' 6 — 46 per cent ; attack increased 

1 after the third week of April. 

4 . (S.E.) 

17 

478 

14-6 

! 

6 — 36 per cent ; attack increased 
after the third week of April. 

6. (S. L.) 

16 

431 

16-9 1 

6 — 46 per cent ; attack increased 
after the third week of April. 

6. (8.L.) 

1 

1 

16 

1 

471 ' 

14-8 j 

1 

6—46 per cent ; attack increased 
after the third week of April. 


S — Big spines 
L «» Lato variety 
E « Early variety 
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Appendix — contd . 


Serial 
No. and 
feature ‘s 
of 

the typ<^ 

( 

\ 

’ Number 
: of 

i observa- 
tions. 

Total 
! No. of 
flower 
buds 

' examined 

Average 

pereent- 

i 

i 

attack 

1 

1 

i Range of incidenco and remarks 

7. (S. L.) 

15 

437 

1 

16-4 

1 

, 5 — 50 per cent ; attack increased 
after the third week of April. 

8. (s, L.) 

16 

464 

16-6 

10— 45 per cent ; attack high up to 
the first week and after the third 
, week of April. 

9. (s. L.) 

16 

555 * 

1 

1 

10-6 

5- — 50 per cent ; attac^k increased 
after the third week of April. 

10. (s. L.) 

16 

471 

10*3 

5 — 35 per cent ; attack increased 
after the third week of April. 

11. (8. L. F.) 

16 

376 

600 

10—70 per cent ; attack high up t«> 
the first week and after the third 
\\eek of April. 

12. (s. L. F.) 

16 

445 

31*2 

10—70 per cent ; attack high up to 
the first week and after the third 
week of April. 

13, (s. L.F.) 

16 

669 

1 

19-5 

10 — 65 per cent ; attack high up to 
the first week and after the third 
W'eok of April. 

14. (s. L.F.) 

16 

424 

16-4 

5 — 45 jKjr cent ; attack high up to the 
end of Marcli and after the third 
week of April. 

15. (s. L.F.) 

16 

490 ! 

15*7 

5— 65 per cent ; attack high up to 
tlie fet w'oek and after the third 
week of April. 

16. (8. L. F.) 

16 

417 : 

211 

6 — 60 per cent ; attack increased 
after the third week of April. 

17 (s. L.F.) 

16 

497 

13-8 

1 5 — 65 cent ; attack increased 

after the third week of April. 

18. (s. L.) 

15 

319 i 

17*8 

6 — 46 per cent ; attack increased 


after the third week of April. 


S Big spines 
8 >= Small spines 
L » Late vcu^iety 
F « Felted variety 
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Appendix — eontd. 

Serial 

1 

! 

1 

( 

Total j Avereige 1 

No. and 

1 Numb(*r 

No. of 1 percent- ; 

featuTi^H 

1 of 

(lower age Harigo of incidence and remarks 

of 

j ob8<Tva- 

budn i of 

the type 

j tions 

i 

examined | attack 

i 

i 


19. (8, L.) 

15 

332 

14-7 5 — 40 p»T : attack increa.s<-(l 

after tlu' third week of April. 

2(t. (s. L.) 

15 

30b 

31*3 5 — ►O.'S ])«T e<‘iit ; atttu'k high up to 

the fir^t and after the second 
week of April. 

21. (s. L.) 

15 

340 

35 *5 25 — 1>5 p<‘r c*<ait ; attack high through- 

out })ut more so after the third 
week of April. 

2'J, (H. L.) 

15 

341 

30*7 IM — i>u prr efut ; attack high up to 

thi’ first week and aiier tlie Ihirtl 
week of April. 

23. (8. L.) 

15 

357 

IS *2 5 — 45 per cent; attack uier asod 

iifter the third week of April. 

21. (-.. L.) 

15 

332 

11*4 , 5 — 3t) |)+'r cent; attack inci'cased 

after the third week of April. 

25. (8. L.) 

15 

( . 

300 

1 

17*4 5“~40 per cent: atuick mcreasoil 

1 rtftiT the third week of Aiiril. 

26. (S. E.) 

1 

1 

15 

1 

1 

i 

312 

20*8 5 — 50 per cent ; attack increased 

after the third week of April. 


S — Big 

8 — Small spiuos 
L — Late variety 
E — E€«*ly variety 
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Appendix — contd . 


Soiral 

No. and 
features 
of 

the typo 

Number 

of 

observa- 

tions 

! 

1 Total 
: No. of 
i flower 

1 bunds 

1 examined 

Average 

percent- 

age 

of 

attack 

1 

j 

Range of inoidenoe and renaarks 

I 

1 

27. (S. E.) 

15 

338 

20- 1 

1 

' 6—50 per cent ; attack increased 

1 after the third week of April. 

28. (S.E.) ! 

1 

16 

! 378 

1 

13-7 

’ 6 — 60 |>er cent; attack increased 
* after the third week of April. 

29. (8. E.) i 

15 

1 318 

i 

30- 1 

1 5 — 60 per cent; attack increased 
after the third week of April. 

30. (8. L.) 1 

! 

15 

347 

61-9 

30—96 per cent; attack high 
throughout but more in the begin- 
ning and towards the end of the 
season. 

31. (s. E.) > 

i 

14 

360 

26-8 

10 — 65 per cent ; attack incroased 
after the third week of April. 

32. (8. E.) 1 

i 

14 

329 

310 

10 — 60 per cent ; attack increased 
after the tliird week of April. 

33. (8. E.) 

14 


31-6 

6 — 76 per cent ; attack increased 
after the third week of April. 

34. ( 9 . E.) 1 

1 

1 

1 

14 

359 

1 

1 

54*5 

40 — 85 per cent ; attack high» more 
in the beginning and towai^ the 
end of the season. 


S — Big apinofi 
a — SmeJi apinea 
L — Late variety 
E — Eeaiy variety 


MICRO-BIOLOGTCAL DECOMPOSITION OF PLANT 

MATERIALS 

I. CHANGES IN THE CONSTITUENTS OP RICE STRAW (KANAK- 
TARA) PRODUCED BY MICRO-ORGANISMS PRESENT IN 
SOIL SUSPENSION UNDER AEROBIC, ANAEROBIC 
AND WATERLOGGED CONDITIONS 

BY 

S. S. GUHA SIRCAR, 

S. C. DE 

H. D. BHOWMICK 

Department of Chemietry, University of Dacca, Dacca 
(Received for publication on 14 December 1938) 

(With ono toxt figtirr) 

T he disintegration of various organic residues under the influence of micro- 
organisms under aerobic, anaerobic and waterlogged conditions have 
been investigated by various workers. The decomposition of organic matter 
in well-aerated sruls takes place quite rapidly, and Boussingnault [1853] was 
the first to show that the process was mainly an oxidiation. oxygen being 
absorbed and an approximately equal volume of carbon dioxide being evolved. 
On the other hand, it is well known that in badly-aerated waterlogged soils, 
the destruction of organic matter is slow and incomplete and leads mainly to a 
reduction to simple organic compounds like methane, hydrogen, organic acids, 
alcohols, etc. The conditions that control the course of stich decompositions 
have been worked out by the careful and painstaking investigations of Ome- 
liansky [1895, 1897], Hebert [1892], Deherain [1884, 1888, 1902], Hoppe- 
Seyler [1899], and more recently by Waksman and others [1926-31], Page 
[1932] and others. The anaerobic type of decomposition has been studied 
by Deherain [1884, 1888, 1902] and Omeiiansky [1895, 1897], who showed that 
the micro-organisms require nitrogen salts for speedy destruction of organic 
matter. Waksman and his co-workers [1925-31] and Anderson [1926] con- 
firmed this finding and established a direct relation between the amount of 
cellulose or hemicellulose decomposed and the nitrogen salt converted into 
organic form (microbial protein), a 30 : 1 ratio being found to be suitable in 
a number of cases where the effect of cellulose added to soil was studied. 
A constant synthesis of proteins and other complex nitrogenous materials by 
the microbes in soil was noticed even earlier bv Deherain [1902] and Lathorp 
[1912, 1916, 1917], 

In the presence of sufficient nitrogen, the decomposition of cellulose and 
hemicelloloses in the pure state, or in plant residues, by soil organisms takes 
place rapidly. Waksman and his co-workers [1926-31; 1936] showed clearly 
that if the nitrogen content of the medium is high, ammonia is set free and if 
it is low, either the decomposition is slowed down or is only hastened 

( 119 ) 
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by adding inorganic nitrogen salts up to a concentration of 1 • 7 to 1*8 per 
cent of the material. Acharya [1935] showed that under anaerobic condi- 
tions much less nitrogen was required than under aerobic conditions. 

It has also been shown by Waksman and others [Waksman and co-work- 
ers, 1927-31 ; Deherain, 1902 ; Hebert and Heim, 1911 ; Hebert 1892 ; 
Hoppe-Seylor, 1899 ; Rege, 1927 ; Bach. 1920 ; Egorov, 1911; Konig, 1926 ; 
Rose ancrLis^c, 1917 ; Bray and Andrews, 1924] that of the various compo- 
nents, of p"ant organic matter, water-soluble materials are utilized with the 
greatest speed followed by the heniicelluloses and pentosans then by cellulose 
and ultimately by lignin. Some hemicelluloses and pentosans may, however, 
be re-synthesized by the organisms as well as considerable amounts of 
proteins. The dark residue or the so-called humus resulting from the decom- 
position consists, therefore, mainly of modified lignin complexes of plant 
origin, microbial proteins and hemicelluloses, partly of plant origin and 
partly synthetic, together with a small amount of fatty and waxy substan(*es, 
chitinous material, etc. 

It has now been established that the course and extent of decomposition 
of plant residues arc influenced by the nature and composition of the material, 
the degree of aeration, moisture supply, temperatuie, pH of the medium, 
nature of the micro-organisms attacking the residues, etc. The general sta- 
bility of lignins explains the lower velocity of decomposition of fibres, like 
wood and jute, in which the cellulose is associated with lignin, cut in or |HX5tin 
[Langwell and Lymn, 1923, 1932 ; Fowler and Joshie, 1920 ; Waksman and 
co-workers, 1927-31]. Isolated lignin has been found to be even more stable 
and has been regal ded as bacteriostatics [Bosuff and Bushwell, 1929, 1930, 
1934 ; Phillips and co-workers, 1930 ; Waksman and others, 1925-31 ; 1936.] 

Waksman and Tenney [1927-1930] have also shown that a young plant with 
higher (content of water-soluble fraction and nitrogen and lower amounts of 
lignin and hemicelluloses, etc. dccoinpo.se mucli more quickly than matui*c 
residues in wliich the conditions arc reversed, llie nitrogen content is shown to 
be a powerful deciding factor. T)e(*omposition of plant materials |)oor in nitro- 
gen leads to a relative and absolute increase of crude protein (‘ontent, whercAs 
those rich in nitrogen lose the excess of the element in the form of ammonia. 

It has been shown by various workers [Waksman and Tenney, 1929, 1930 ; 
Waksman, Tenney and Stevens, 1928 and Acharya, 19.35] that the rate of 
decomposition of plant residues as a whole as w ell as of its various constituents 
is greatest under aerobic, intermediate under waterlogged (partially aerobic), 
and least under anaerobic conditions. Again, where.is nitrogen supply is of 
paramount importance under aerobic conditions, it is of less importance under 
anaerobic conditions as the requirement of nitrogen by anaerobic organisms 
is very low . This is well illustrated in Acharya’s exfieriments [1935]. During 
the decomposition of rice straw^ under aerobic, anaerobic, and waterlogged 
conditions, the protein content of the insoluble residue in the first case rises 
considerably, whereas in the latter tw’^o cases loss of this constituent was found 
to occur. Lnder mild aeration anaerobic condition of decomposition is stimu- 
lated, while strong aeration gives conditions resembling aerobic ; waterlogged 
condition showing intermediate behaviour in all respects. The nitrogen 
relationship under the different treatments are of special interest. Similarly 
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the figures for ‘ nitrogen factor ’ [Rege, 1927] and " nitrogen equivalent ’ 
[Richards and Norman, 1927] were shown to be the highest under aerobic 
(0*636 and 1*11, respectively), intermediate under waterlogged (0*395 and 
0*961, respectively) and lowest under anaerobic conditions (0*069 and 0*169 
respectively). The admission of even a limited amount of air in the anaerobic 
system at weekly intervals alters the nitrogen relationships, as shown by the 
synthesis of proteins from ammonia and by the rapid increase in the values for 
nitrogen factor and nitrogen equivalent. 

Various investigations show that the temperature and reaction of the 
medium exert a profound influence on the rate and extent of decomposition 
of various organic materials by micro-organisms. Richards and Amoore 
[1920] at Rothamsted and Bushwell [1930J showed that the optimum con- 
ditions for the production of methane are : (1) a temperature between 35"" and 
40X'., (2) complete exclusion of air, (3) ample water-8U])ply, (4) presence of 
some available nitrogen, and (5) absence of acidity. Similar results wde 
also found by Acharja [1935] for anaerobic^ fermentation of rice straw'. As 
the anaerobic decomposition is accompanied bj" the formation of various 
organic acids with the consequent lowering of pW of the medium, the 
fermentation process comes i^racticallj* to a .vitandstill as the pH falls to 
about 4*8, unless proper neutralizing agents are employed. Ammonium 
carbonate in sufficient amount was the most suitable neutralizing agent, 
while calcium carbonate, even in suflicient excess, was unable to retard the 
fall in the pH of the medium. When sodium nitrate was tmployed, there was 
no fall in pH but a gradual rise, accompanied by the maxinium destiuction of 
organic matter as a whole as w ell as of its various (onstitucnts. 1 he reac- 
tion aj)peared to }>roceed in two stages : (1) denitrification and oxidation of 
organic matter, and (2) the de^elopnlent of alkalinity owing to the foimalion 
of alkali carbonates. Iliis system resembled more the aerobic than the anae- 
robic system. 

While the control of acidity is of great importance in the case of anaerobic 
fermentation, it is less so in the ciise of aerobic decoiui)osition. In the latter 
case the fermentation is earned out by a larger variety of micro-organisms 
including bacteria, fungi and actinomycetes and thus the decomposition can 
proceed in neutral, slightly acid and slightR alkaline medium. Fungi, which 
are most important in the disposal of ccllulosic materials under aerobic condi- 
tions are most active in slightly acid reaction. Too high an acidity or too high 
an alkalinity inhibit the action of both fungi and bacteria. Acharya [1935] 
found that there was no fall in pH of the medium, but a small rise, in the ease 
of aerobic decomposition of rice straw, because the organic matter is convened 
completely to carbon dioxide and w ater without the formation of intermediate 
organic acids. 

The aim of the present paper w^as to study the course of decomposition 
of two samples of rice straw at different stages of growth, under aerobic, anae- 
robic and waterlogged conditions with difl’erent neutrient solutions and under 
different pH of the media by following the changes in the amount of total 
organic matter as a whole as w^ell as of its more important constituents with the 
progress of decomposition. At the same time attention w as given to the 
changes in the pH of the media employed and to the influence of neutralizing 
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agents in successfully preventing the development of acidity. Stress was laid 
on the composition of the ultimate insoluble residue which would be expected 
to approach tho composition of humus provided the decomposition went 
fast enough and far enough. 

Experimental 

Cimposition of plant materials used in the presenl inmstigalion 

The rice plants used in the present investigation were of two different 
ages, the rice straw No. 1 being younger, while the rice straw No. 2 was fully 
mature. Their proximate chemical compositions are given in Table I. 

Table I 

Proximate chemical composition of rice straw (Kanak Tara) used for decomposi^ 

tion studies 


Rice straw No. 1 Rice straw No. 2 

(young) (mature) 


Cliemical constituents 

100 gm. of 
original 
plant mate- 
rial 

On per cent 
basis of dry 
material 

100 gm. of 
original 
plant mate- 
rial 

On per cent 
' basis of dry 
material 

Moisture^ 


12*99 


12*45 


Dry matter 


87*01 

. . 

87*55 

, , 

Ash* 


13*12 

15*08 

10*15 

11*60 

Water-soluble fraction 


16*46 

18*92 

12*46 

14*23 

Fats and waxes* 


1*32 

1*52 

0*74 

0*85 

Total pentosans* 


18*86 

21*68 

22*31 

25*49 

Crude cellulose* 


37*90 

43*66 : 

43*35 

i 49*52 

Ash in above 


1*30 

1*49 

0*23 

1 0*26 

Pentosans in above 


716 

8*23 

11*22 

! 12*81 

Cellulose 


29*44 

33*84 t 

31*90 

36*44 

Crude lignin* 


20*68 

23*78 

22*83 

26*08 

Ash in lignin 

1 

6*38 

7*33 

6*10 

. 5 83 

Lignin 

' 

14*30 

16*45 

17*73 1 

21*15 

Total nitrogen’ 


1*80 

2*07 

0*53 ] 

I 0*61 

Crude protein* 

{ 

6*21 

7*14 ! 

1.83 

2*09 

1 

t 


1 Moisture — estimated at 105®C. 

* Ash was found to contain Na, K, Ca, Mg, Fe, Al, Mn, 3iO| and sulphate phos- 
phate, BiOg constituting the major part of tlie mineral constituents. 

* Fats and waxes — estimated by extraction with alcohol- benzene (1 : 1). 

* Pentosans — ^the standard Phloroglucide method as recommended by A* O. A. C. 
[1S35] was employed. 

^ Cellulose — the method of Norman and Jenkins [1935] was employed. The ash 
and pentosan content were subtracted to get the value for true ceilulose. 

* Lignin— the method due to Ost and Wilkening [1910] involving the use of 72 per 
cent H1SO4 gives results which are more consistent ; a modihcation of it put forward 
by Schwalbe [1925] was employed, the material being previously freed from fats waxes 
and hemicelluJoses (by extraction with hot 2 per cent Hd), 

’ Total nitrogen— estimated by modified Kjeldahl method using NagS04t Na^SfO#, 
salicylic acid and CUSO4 in addition to cone. 

* Crude protein — the material was extracted by boiling water analysed for 
nitrogen. The figure for nitrogen multiplied by 6*26 was expressed as erude proteinu 
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The aboye data show that in the maturer plant, there are lower amounts 
of mineral matter (ash), fats and waxes, crude protein and water-soluble 
fraction, and higher amounts of cellulose, hemiceUuloses and lignin. The 
water-soluble fraction on analysis was found to contain amino-acids and re- 
ducing sugars, the amount being greater in rice straw No. 1 than in rice straw 
No. 2. Similar results were obtained by Hunt [1889] and Waksman and 
Tenney [1927]. 


Decompoaition experiments 

The plant materials were cut into small pieces and then macerated in a 
pulverizing machine and 20 gm. of each variety were placed in a series of 
glass bottles. Mineral nutrients and soil inoculant* together with distilled 
water were added as described below and the contents well mixed so that the 
straw : water ratio was 1 ; 10. 

The aerobic decomposition was carried out in a series of glass bottles 
fitted with airtight cor^ through which two glass tubes (one reaching the 
bottom of the vessel and the other about two inches above the surface of the 
material) were inserted. Air passed through a wash-bottle containing distilled 
water was bubbled through the mass for about half an hour daily. It was 
observed that abundant fungal growth accompanied the process of decomposi- 
tion under aerobic conditions. The mass of the residual matter became darker 
and darker with the progress of decomposition. 

The anaerobic decomposition was carried in a numl)er of ‘ reagent bottles ' 
of about 300 c. c. capacity, fittod with rubber corks, exit tubes and pressure 
tubes about three inches long. The anaerobic condition was secured by a 
technique which would be clear from the diagram. The bottle (B) was con- 
nected as in the Fig. 1. The stop cock (a) was closed, (6) and (c) opened, and 
the enclosed air was removed by suction uith a vacuum pump. The stop 
cock (6) was then closed and (a) opened and a measured volume of the solution 
(200 0 . 0 .) was added to the enclosed straw and then (a) and (c) were closed. 
The end of the rubber tube was closed by a piece of glass tubing sealed at both 
ends. Acharya [1936] first filled the bottles with reaction mixture and then 
removed the air by suction. The method used in the present paper is easier 
and more convenient and involves no frothing up of the mixture during evacua- 
tion. The corks and rubber joints were coated with parafiin wax The bottles 
were kept in a glass chamber at the laboratory temperature. The gases formed 
during fermentation were removed from time to time firom the bottles by means 
of a Hempel gas burette, care being taken to avoid the entry of air. Qualita- 
tive analysis showed that the gases consisted mainly of carbon dioxide, meth- 
ane, hydrogen and nitrogen depending on the nature of the mineral nutrients 
present in the medium. 

The process of decomposition under waterlogged conditions was carried 
out in wide-mouthed bottles and the experiments were so arranged that the 
materials undergoing decomi) 08 ition were completely covered with about two 
inches of water. 

*Prcf>ai«d by thoroughly agitating some well-mantued garden soil with wator, 
allowing the coane particleo to Settle and centrifuging tie supernatant liquid. 
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Fig. 1. Apparatus for obtaining anaerobic condition^ 

From time to time the mass was shaken well and in the case of aerobic 
and waterlogged fermentations a little fresh water was added to each bottle 
to replace the loss due to evaporation. It was noticed that even under water- 
logged conditions there was a tendency for the materials to form a fungal 
growth on the surface of the water unless the mass was regularly stirred up. 
Under these conditions the anaerobic bacteria were no doubt mostly concerned 
in the decomposition in the lower part of the material, whereas the upper part 
in contact with the air was subjected to the action of various aerobic oi^anisms 
including bacteria, fungi and actinomyoetes. The waterlogged system should 
therefore occupy an intermediate position between aerobic and anaerobic 
systems. 

After specified intervals the bottles were opened, the contents were 
filtered through a Buchner funnel and then roughly washed with distilled water. 
In the case of materials receiving calcium carbonate, the residue wm treated 
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with excess of dilute hydrochloric acid (strength about 0- 6 per cent) and then 
thoroughly washed with water immediately after the carbonate was brought 
into solution. It was found in a preliminary experiment that by this treat- 
ment, the pentosans and hexosans are not affected as the reaction was com- 
pleted within four to five minutes. The residue was dried and aliquot por- 
tions were subjected to detailed chemical analysis (as shown in individual tables). 

The experiments were conducted with different nutrient solutions (added 
per 20 gm. of rice straw) having the following compositions : — 

1. With distilled water — 

Son solution 10 c.c. 

Distilled water 190 c.c. 

2. With magnesium sulphate and sodium phosphate — - 
Sodium phosphate solution 10 c.c. (containing 0-25 gm.). 

Magnesium sulphate solution 10 c.c. (containing 0-05 gm.). 

Soil solution 10 c.c. 

Distilled water 170 c.c. 

3. With calcium carbonate alone — 

Calcium carbonate 8 gm. 

Soil solution 10 c.c. 

Distilled water 190 c.c. 

4. With calcium carbonate and ammonium carbonate — 

Calcium carbonate 5 gm. 

Ammonium carbonate solution 10 c.c. (containing 0’6857 gm.) 

Soil solution 10 c.c. 

Distilled water 180 c.c. 

5. With ammonium carbonate alone — 

Ammonium carbonate solution 10 c.c. (containing I • 37 14 gm.) 

Soil solution 10 c.c. 

Distilled water 180 c.c. 

6. With sodium nitrate— 

Sodium nitrate solution 10 c.c. (containing 2-4288 gm.) 

Soil solution 10 c.c. 

Distilled water 180 c.c. 

The following experiments were performed with rice straw No. 1 and rice 
straw No. 2, under aerobic, anaerobic and waterlogged conditions and the 
tables in which the results of the analysis are shown, arc mentioned below : — 

Aerobic condition 

Table II. — Decomposition of rice straw No. 1 with distilled water only 
Table III. — Decomposition of rice straw No. 1 w-ith magnesium sulphate 
and sodium phosphate 

Table IV. — Decomposition of rice straw No. 1 with calcium carbonate 
and ammonium carbonate 

Table V. — Decomposition of rice straw No 1 with ammonium carbonate 
alone 

Table VI. — Decomposition of rice straw' No. 1 w-ith sodium nitrate 
Table VII. — ^Decomposition of rice, straw No. 2 with distilled water 

only 
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Table VIII. — Decomposition of rice straw No. 2 with oi^cium carbonate 
and ammonium carbonate 


Anaerobic condition 

Table IX. — Decomposition of rice straw No. 1 with distilled water 
only 

Table X. — ^Decomposition of rice straw No. 2 with distilled water only 

Table XI. — ^Decomposition of rice straw No. 2 with sodium phosphate 
and magnesium sulphate 

Table XII. — Decomposition of rice straw No. 2 with calcium carbonate 
alone 

Table XIII. — ^Decomposition of rice straw No. 1 with calcium carbonate 
and ammonium carbonate 

Table XIV. — Decomposition of rice straw No. 2 with calcium carbonate 
and ammonium carbonate 

Table XV. — ^Decomposition of rice straw No. 2 urith ammonium 
carbonate 

Table XVI. — Decomposition of rice straw No. 2 with sodium nitrate 


Waterlogged condition 

Table XVII. — Decomposition of rice straw No. 1 with distilled water 
only 

Table XVIII. — Decomposition of rice straw No. 2 with distilled water 
only 

Table XIX. — Decomposition of rice straw No. 1 with calcium carbonate 
and ammonium carbonate 

Table XX. — ^Decomposition of rice straw No. 2 with calcium carbonate 
and ammonium carbonate 


DI8OTS.SION OF RESULTS OBTAINED 

A study of Tables IT — VIII shows that the pH of the media under aerobic 
conditions fell slightly during the early periods of decomposition and then 
gradually rose till a value slightly higher than the original was attained. This 
may be due to accumulation of organic acids at the early stages which, how- 
ever, were completely oxidized to carbon dioxide and water with the progress of 
decomposition. The slight rise of pH of the media may be due to the forma- 
tion of ammonia as a result of protein decomposition. In the case of Table VI, 
there was no fall in pH of the medium, but a gradual rise probably duo to 
denitrification and formation of alkali carbonates even under aerobic conditions. 
This result is not in a line with the observations of a number of other observers 
who are of opinion that denitrification is not possible under ideal aerobic 
conditions. The difference may be due to the fact that air supply was not 
as complete in the depths of the medium as on the surface except for half an 
hour daily. 
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Table VIT 


Decomposition of rice straw No. 2 ivit/i distilled water only under aerobic eonditions 


Cliemical consti- 
tuents 

I 100 gm. 

1 original 
! straw 

i ( 

Materials left after nu^nths of decomposition 

i ‘ 

1 month 3 months tj months 

1 ' ' : 

Total Percent Tohil Percent- Total j Percont- 

i-eaidiie age of n^i»hr‘ age < if rf^sidite | age of 

original original 1 original 

Total dry matter 

! 87-55 1 

65-75 

75 11 

65 OH 62 1*2 

i 

46-28 j 

51-72 

Ash 

i ; 

! 10- 16 1 

5-62 


r> 58 

5 27 


Fats and waxes 

0-74 

0-38 

51-35 

0-35 47 30 

i 

0-27 

36-49 

Total pentosans 

22-3 

1 

1612 

67-77 

11-H6 53-16 

10-15 

46-49 

Crude cellulose 

43*31 

5 

33-12 


26-72 

19-22 


Ash in above 

0*22 

1 

0-24 


0 19 

. 0-16 ! 

. . 

Pentosans in above 

11-22 


813 


4 52 

3 41 


Cellulose 

31-90 


24-76 

77-59 

21-01 65-86 

15-65 

49-06 

Crude lignin 

22-88 


19-93 


15-90 

18-67 

, , 

Ash in above 

5-10 


3-08 


2 93 

! 

2-76 

1 

.. 

Lignin 

17-73 


16-86 

95-04 

1297 73 16 

! 

10 92 J 

( 

61-59 

Crude protein 

1 

1*83 


2-68 140-98 

2 92 ; 159-56 

) 

1 

3-21 ! 176-41 

j)H 

i 

6-88 

1 

6 01 


1 

6-60 

6-70 


1 

Per cent of itfotem-K.I 

0*88 


0*63 





mtbeiMKtoe | 





0*85 

i 

MB 
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Tablk vin 

Decomposition of txirioun cnnslilupvts of rirc slruw No. 2 with ralrium carbonate 
and ammonium, rmiumalc under arrohir. conditiom 


Msieriak left after inuathH of docompoBition 


(.'hemieal oomiti- 

100 gm. 

1 tiioiith 

3 months 

6 months 

liifntH 

original 

straw 

'rota! 

ri'sidia 

Penjf.nt - 
ago of 
, original 

'foial 

K'.'^nllir 

Percent 
ago of 

OI igUlill 

1 

1 

1 Total 

1 roHidm- 

1 

Percent 
age of 
^ original 

Tot4il dry matter 

87-55 

01-77 

70*57 

51-88 

59 27 

! 

1 43*11 

49*25 

1 

Anh 

10 15 

5 56 


5-01 


4*85 

. . 

Fat8 and waxes 

0*74 

0 31 

41 90 

0*27 

! 36*50 

1 

0*21 

28*38 

Total |.)ento8afi8 

22*31 

14*03 

65-58 

11*28 

1 

1 50-56 

i 

9*54 

42*76 

Crude cellulose 

43 35 

30*84 


23*08 

1 

16*95 

1 

i .. 

1 

Ash in above 

0*23 

0*23 


0*19 


0*17 

• • 

Pentosans in above 

11*22 

7*51 


3*95 

i 


2*58 

1 

i 

Cellulose 

31*90 

23*10 

72*41 

1 

18*94 J 

69*37 

\ 

14*20 : 

( 

44*51 

Crude lignin 

22*83 

18*42 


15*74 


13*67 


Ash ill above 

5*10 

3*13 


2*84 

.. 1 

2*75 


Lignin 

17*73 

15*29 

i 80*24 

1 

12*90 

72*76 1 

10*72 

60*46 

Crude protein 

1*83 

2*04 

144*20 

3*09 1 

168*90 

i 

3 43 

187*40 

pH 

8 55 

7 

*84 

8*18 

8*80 

Pot cent of protein N 
inthereMue 

0*33 

0*68 

0*95 

1*27 
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Tablb IX 

Decomposition oj various constituents of rice straw No. 1 wiUi distilled water only 

under anaerobic conditions 

Material left after mouthB of doeomposition 


Chemical consti- 
tuents 

100 gin. 
original 
si raw 

1 in< 

Total 1 
residiio | 

Total dry matter 

87 01 

60-82 

Ash 

1312 

6-85 

Fats and waxes 

1-32 

0-89 

Total pentosans 

18-86 

14-95 

Crude cellulose 

37-90 

26-14 

Ash in above 

1-30 

0-85 

Pentosans in above 

7 16 

5 13 

Cellulose 

29-44 

21-16 

Crude h^nm 

20-68 

18 92 ' 

Ash in above 

6 38 

4 64 

Lignin 

14-30 

14-28 

C/rude protein 

6-21 

2 67 

pH 

6-88 

4*91 

Per cent of protein N 

0-9i 

0*7( 


in the residue 


with 3 mouths 0 months 


Porcent-j 
age of 
original j 

i 

Total 

i*esidiie 

1 P(»rcent • 

1 agf^ of 
original 

Total Pei*cent- 
ix'sidue age of 
original 

69-90 1 

! 

54-98 

63-19 

50-27 57*77 

1 

• • ! 

6-12 


5-73 

67 42 

0-81 

61 -36 

0-75 56-82 

79-26 

12-48 

66-17 

10-36 54-93 


24-80 


22-40* 


0-75 


0 63 


4 21 


3 65 

1 

71-87 

19-84 

67 39 

’ 1 

IH12 61-66 


17 54 

• 

1617 

I 

i 

i 

• • ! 

3 62 


i 

! 2 59 : 

/ > 

99-86 

13-92 

97 41 

i 

13 56 04-»6 

42-99 

1-76 

28 IH 

I 42 22-67 

i 


4- 

40 

4 20 


0- 

51 

0*46 
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Peroentof protein N in th* naidue 0-33 0-40 0-43 , 0-46 i 0-46 
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Crude lUoteiB i 1^3 1-92 104 9i» l 91 104*30 1*89 103 30 1*83 100-00 1-82 1 09*45 



Table XII 

Decomposition of various constituents of rice straw No. 2 with calcium carbonate alone under anaerobic 

conditions 
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ffH «-88 5-4S 5-28 ' 501 j 4-62 4*«0 4-«0 

Pel cent ofproteln N Id the midne 0-33 0*44 i 0*46 0*48 0*48 0*47 i 0»47 
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Table XTII 

Decompositim of varimis constituents of rice straw No. 1 with calcium carbonate 
and ammonium carbonate under anaerobic conditions 

I Material left after months of decomposition 

100 gm. j rnonth 3 months 6 months 

Chemical consti- original 

tuents straw 7 i j “ t 


Total j 
residue ! 


Total dry matter 

87 01 

54-86 

Ash 

1312 

5-42 

Fats and waxes 

1-32 

0-76 

Total pentosans 

18-86 

13-64 i 

Crude cellulose 

37-90 

22-85 i 

Ash in above 

1-30 

0-84 } 

Pentosans in above 

716 

4-72 

Cellulose 

29-44 

17-29 

Crude lignin 

20-68 

18-92 

Ash in above 

6-38 

4-65 

Lignin 

14-30 

14-27 

Crude protein 

6-21 

1-83 


Percent- 1 Total Percent-. Total j Percent- 
age of ' residue ago of residue j age of 
original original ! original 

t 


63 

-08 

47 

-27 

! 54 

•33 

! 

•48 

! 

•67 


• 

j 4 

•16 

• 

• 

2 

•93 

! 

1 * 

• 

57 

-57 

0 

•63 

47 

•72 

0 

•47 

! 

35 

1 

1 

•60 

72 

-31 

11 

•42 

60 

•54 

! 9 

1 

•62 

j 50 

•47 

• 


20 

•16 



17 

•04 

j 

1 ■' 




0 

72 



0 

61 

1 

1 




3 

82 



2 

46 

! 

1 


58- 

•72 

15 

62 

53- 

07 

14- 

07 

' 47- 

79 


■ 

17 

34 


* 

15- 

79 

i 

! 



' 

3 

59 


i 

2* 

46 

•• 


99- 

79 , 

13- 

76 

96* 

16 

13- 

33 

93- 

24 

29- 

1 

47 ' 

1- 

38 

22 

22 

1- 

13 

18- 

20 


pH 8*65 6-70 6-23 4-67 

Per cent of protein N j 0*91 0*88 j 0-47 0-44 

in the residue I 
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Decomposition of various constituents of rice straw No. 2 with sodium nitrate under anaerobic condUions 
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Per cent of protein N 0.33 O .48 i o*48 0*50 0-60 0-49 0 43 

in the residue 
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Table XVII 

Decomposition of various constituents of rice straw No. 1 with distilled water 
only under uciterlogged conditions 

Matol'ial left after montlis of denomiK»sition 


Chemical 

constituents 

100 gm. 
original 

1 month 

3 months 

1 6 months 

i 


straw 

Total 1 Porcon- 
rosiduo ; tage of 
original 

1 

Total 
residno : 

Percen- 
tage of . 
original 

Total 

residue 

Percen- 
tage of 
original 

Total dry matter 

87 01 

66-93 

65-43 

48-24 

55*46 

37-98 

43 66 

Ash 

1312 

6-67 

I 

1 

6-26 


5-45 


Fats and waxes 

1 -32 

0-82 

' 62-12 

0-73 

55-30 

0-62 

46-97 

Total pentosans 

18-86 

12*83 

68-01 

10-68 

56*61 

7-92 

41 99 

Crude cellulose 

37-90 

25-33^ 


19-85 


14*99 


Ash in above 

1 -30 

0-83 

1 

0-81 


0-55 


Pentosans in above 

7-16 

4-86 


3 79 


2-62 


Cellulose 

29-44 

19-64 

66-71 

14 65 

49-77 

11-82 

40 15 

Crude lignin 

20-68 

19 86 

i 

17-73 


14-70 


Ash in above 

6*38 

6-72 

i •• : 

j 

4-02 


4-18 


Lignin 

14-30 

14-13 

i i 

' 98-81 i 

' 1 

; ! 

13*71 

96*87 

10-62 

73-57 

Crude protein 

6-21 

3-66 j 

i 

1 67-32 1 

' i 

2*94 

47-34 

2-23 

35-91 

pH 

6-88 

6- 

1 

02 

5-86 

6-80 

Per cent of protein N 
in the residue 

0-91 

1- 

00 

0-98 

0-94 
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Table XVIII 

Decompoaition of various constituents of rice straw No. 2 with distilled imter 
only under waterlogged conditions 

Material left after months of decomposition 


Chemical 

constituentfl 

100 gm. 
original 
straw 

1 n onth 

- -p 

Total ^ Percen- 
residue * tage of , 
original 

1 

3 m 

T otal 
res kino 

onths 

1 Percon- 
1 tage of 
original 

6 months 

T otal Perceri- 
residue tage of 
original 

Total <iry matter 

87*56 

69*11 

j 78*93 

59 34 

67-78 

54*02 

61-72 

Ash 

10 15 

6*23 


5*61 


5*25 


Fats and waxes 

0*74 

0*48 

«»4 • 86 

0 36 

47*31 

0-31 

41*90 

Total pentosans 

22*31 

16*53 

74*09 

14 12 

63-28 

12*12 

54*33 

Crude cellulose 

43 36 

34 94 


30*36 


26*08 


Ash in above 

0*23 

0*26 


0 21 


0 16 


Pentosans in above 

11*22 

8 54 


7*07 


5*23 


CelluloBo 

31*90 

26*15 

81*96 

23*08 

72 36 

20*69 

64*86 

Crude lignin 

22 83 

21 93 


18 30 


17*32 


Ash in above 

5*10 

4 76 


4*82 


4*46 

! 

Lignin 

17 73 

17 18 

96*90 

13*48 

76*03 

12*87 

1 72*59 

Crude protein 

1 83 

i i 

141*60 ; 

2*24 

122*40 

2 45 

133 90 

pH 

6*88 

1 

11 

1 

5*92 

! 

83 

Per oent of protein N | 
in the reeldue 

0*33 

0-60 ! 

! 

0*60 ' 

0-73 
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Table XIX 

Decomposition of various constituents of rice straw No, 1 with calcium carbonate 
and ammonium carbonate under unterlogged conditions 


Material left after months of decomposition 


Chemical 

constituents 

100 gm. 
original 
straw 

1 month 

Total Percen- 
resid lie i tage of i 
, original 

3 mo 

Total 

residue 

»nths 

Percen* 
tage of 
original 

6 months 

) 

Total j Peroen- 
i reKidtie 1 tage of 
j original 

Total dry matter 

87-01 , 

51*31 58*98 

40*58 

46*66 

: 30*59 

i 35*17 

Ash 

13 12 

6-63 

5*37 


1 4*75 


Fats and waxes 

1*32 

0 72 54 54 

0 43 

32*58 

0*28 

21*21 

Total pentosans 

18-8(> 

11-38 60-34 

9*45 ^ 

50*09 

1 

t 

7*01 

1 37-16 

Crude cellulose 

37-90 

21*36 

16-01 I 

1 


11*82 


Ash in above 

1 -30 

0-82 

0*77 i 

j 

1 

0*58 

( 

Pentosans in above 

716 

4-62 

3*15 


1*89 

! 

Cellulose 

29-44 

16-92 57-48 . 

12*09 

41*07 

9*35 

31-77 

Crude lignin 

20 68 

18- 18 . 

15*79 


10*01 


Ash in above 

C-38 

4-36 . 

4-10 ! 

1 

i 


1 2*13 

i 

i 

! ■■ 

Lignin 

1430 

1 

13 83 96-74 | 

1 

11*69 

81*75 

1 7*91 

1 

1 66-3S 

1 

Crude protein 

6-21 

3-21 : 61-69 

2*56 

1 

41*22 

1*98 

1 

1 31-88 

1 

pH 

8-56 

8-03 1 

7* 

80 

7*01 

Per cent of protein N 
in the residue 

0*91 

i 

1 -00 1 

1 

1* 

01 

1 

*04 
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Table XX 

D€C<mpo8ition of various constituents of rice straw No. 2 with calcium carbonate 
and ammonium carbonate under waterlogged conditions 


Material left after months of decomposition 


1 

Chemical | 

conetituentB 

100 gm. 
original 
straw 

1 month 

i 

3 months 

6 months 

1 

( 

1 

1 

1 

i 

i 

Total i Percen- 
residue tage of 
original 

1 

Total 1 

residue ! 

1 

1 

1 

1 

Percen- 
tage of 
original 

1 

Total ; Percen- 
residue tage of 
original 

Total dry matter 

87-65 

64*61 73*70 

t 

66-37 ! 

i 

64-39 

48*46 65*36 

Ash 

10-16 

6-12 

6-72 


6*14 

Fats and waxes 

0-74 

0-46 62 18 

0*38 

61*36 

0*29 39-19 

Total pentosans 

22*31 

16*32 73*14 

13*75 

61*63 

n-13 49-89 

Cnide cellulose 

43*36 

32*00 

26-36 


20*20 

Ash in above 

0*23 

0*23 

0*20 


0-18 

Pentosans in above 

11*22 

8*12 

6-82 


3*43 

Cellulose 

31*90 

23*66 74*16 

20*33 

63*71 

16*69 62-0C‘ 

Crude lignin 

22*83 

19*98 

18*16 

1 . , 

! 

16-60 

Ash in above 

5*10 

4*82 

4-83 

i 

t 

1 

4-22, .. 

Lignin 

j 

i 17-73 

1 

1 

! 15*16 86-61 

1 

[ 

13-33 

76*19 

12-28 I 69-26 

Crude protein 

1 

1 1-83 

( 

: 2-47 136*00 

2*99 1 

163*40 

i 

3-27 1 178*60 

pH 

8-66 

8-12 

7-80 

7*13 

1 

Per cent of protein N 
in the residue 

0*33 

0*62 

0-86 

1-08 
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As to the general course of the aerobic fermentations the results agree 
with the observations of most of the previous workers. A gradual decrease of 
fats and waxes, cellulose, heraicelluloses (jientosans), lignin, etc., was observed. 
The hemiceUuloses disappeared more readily than cellulose during the early 
periods, while the order was reversed later. The mineral matter was diminish- 
ed to some extent during the earlier periods but remained more or less constant 
during the later stages, probably due to insolubility of the residutd minerals. 
Of aU constituents the decomposition of lignins was the slowest and most 
incomplete. 

The changes in the organic nitrogenous complexes deserve special attention. 
In the case of rice straw No. 1, rich in nitrogen (total nitrogen = 2 • 07 per cent 
and water-insoluble nitrogen = 0-91 per cent), in spite of decomposition there 
was a steady rise in the concentration of the element to a maximum of 1*7 — 

1 • 9 per cent in the insoluble residue. Tiie phenomenon appears to be a result 
of: (a) a gradual conversion of water-soluble nitrogenous substances of the 
plant material into insoluble form, (b) a relatively slower rate of disappearance 
of insoluble nitrogenous comple.xes (proteins) in comparison with that of other 
plant constituents at the early stages of decomposition, (c) the decomposition 
of the proteins at the same rate as other plant constituents, during the later 
stages. In the case of rice straw No. 2 poor in nitrogen (total nigrogen — 0* 6 1 
per cent and water-insoluble nitrogen 0* 33 per cent) there was no loss of the 
element but both a relative and an absolute increase in the concentration of 
the protein fractuni. When no inorganic nitrogen was supplied (Table Vfl), 
the water-soluble nitrogen fraction was gradually converted into insoluble 
form with the progress of decomposition and when ammonium carbonate was 
added (Table VIII), the inorganic nitrogen was transformed into organic form 
(microbial protein). In the latter ca.se, howev^er, the .synthesis of proteins by 
micro-organisms was considerably greater than in the former. This leads us 
to conclude that microbial proteins may be synthesized from either water- 
soluble plant nitrogen or from inorganic salts added to the medium. The 
simple fact that there is no decrease in the amount of proteins, as in the case of 
rice straw No. 2, does not, however, prove that the insoluble plant proteins 
are not decomposed, but probably the degradation products of the proteins 
are consumed, as soon as they are formed, by the micro-organisms for the syn- 
thesis of their cell-substance. This synthetic action is related to the extent of 
decomposition of the plant residues, being greater when the decomposition of 
celluloses and hemicelluloses is also greater. 

As for the influence of the various nutrient solutions employcsd on the rate 
and extent of decomposition, it has been found that the decomposition of the 
total organic matter as a v'hole, as well as of the individual constituents, takes 
place in the following increasing order : (a) with distilled water alone 

(Table II), (6) with sodium pho.sphate and magnesium sulphate (Table III), 

(c) with calcium carbonate and ammonium carbonate mixture (Table IV), 

(d) with ammonium carbonate alone (Table V), (c) with sodium nitrate (Table 
VI). Similar is the case with rice straw No. 2 (Tables VII and VlII). 

It is found that the addition of nitrogen salts accelerates the rate and 
extent of decomposition of not only rice straw No. 2 (poor in nitrogen) but also 
to some extent of rice straw No. 1 (rich in nitrogen). This may be due to the 
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fact that micro-organisms prefer inorganic nitrogen to plant proteins. Similar 
results were obtained by Waksman and Bavendamm fl931]. The greatest 
decomposition of rice straw with sodium nitrate is due to its oxidizing action 
and the relatively rapid decomposition of lignin in this case may be due to the 
resulting alkalinity of the medium in which lignin is more soluble. 

However, it is found that under similar conditions, the decomposition of 
straw No. 2 proceeds at a much slower rate. This is due to the fact that the 
younger plant contains more nitrogen and water-soluble substances and is less 
lignified. The addition of inorganic nitrogen greatly hastens the process of 
fermentation of rice straw No. 2, but even then it is considerably slower than 
that of straw No. I when receiving no nitrogen salts. This is due to the more 
lignified character and maturity of the former. 

On a careful study of Tables TX-XVI, it is found that the pH of the media 
progressively falls, due to the development of acidity, and the process of decom- 
position is abruptly slowed down as the pH value approaches about 4-6, 
unless neutralizing agents are used. For this purpose the use of : (1) sodium 
phosphate an<l magnesium sulphate mixture (Table XI), (2) calcium carbonate 
(Table XII), (3) calcium carbonate and ammonium carbonate mixture (Tables 
XIII and XIV) and (4) ammonium carbonate (higher dose) (Table XV) was 
made. The observations were similar to those made by Acharya [1935]. 
Ammonium carbonate (higher dose) proved most successful while calcium 
(‘arbonate, though picsent in excess, could not retard the fall of pH of the 
medium. This might be due to the fi>rmation of an insoluble deposit of Ume 
salts of the acids on the carbonate. In the case of calcium carbonate and 
ammonium carbonate mixture, the rate of fall of pH was slower than the former 
case, due to presence of ammonium carbonate, but ultimately the medium 
became distinctly acid, due to the insufficiency of the base. 

With sodium nitrate (Table XVI), however, there was no fall of pH 
during the four months of decomposition but a gradual rise from 6*88 to 8*54. 
After this period there was again a gradual low ering to 7 • 88 after six months. 
This (^an be best explained as the result of the activity of denitrifying bacteria. 
The nitrates are reduced to atmospheric nitrogen and there is an alkalizatioii 
owing to the formation of sodium carbonate. During the later stages, however, 
as the process of denitrification w^as completed, the pH of the medium gradually 
fell as a result of accumulation of organic acids. This idea finds support from 
the observations of Elma, Kluyver and Dalfsen [1934] and Acharya [1935]. 

The pH of the medium is the most important factor in controlling the rate 
and extent of decoi«iposition in this case, as acidity greatly inhibits the reaction. 
The various nutrients influence the rate and extent of decomposition in the 
same order as in the aerobic system, the greatest decomposition being with 
sodium nitrate (Table XVI). However, by comparing the results of these 
tables with those of Tables II-VIII, it is found that in general the rate and 
extent of decomposition of plant materials as a whole, as well as of the various 
constituents, are much slower than those under aerobic conditions. The re- 
quirement of nitrogen in this case is also much lower : the amount should be 
only about 0*45-0*50 i)er cent of the total dry matter. 

A study of Tables XVII-XX shows that the waterlogged system shows 
intermediate behaviour between aerobic and anaerobic conditions in all res- 
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pects. The general behaviours of the two samples of rice straw are, however, 
^milar in all cases, e.g. straw No. 1 decomposes more readily than straw No. 2. 
The fall in the pH of the medium as a result of acid formation is also observed, 
but is not so great as under anaerobic conditions. The nitrogen requirement 
is also not as low as for anaerobic and not as high as for aerobic decomposition, 
the amount necessary in this case being about 1 • 00-1 • 08 per cent of the total 
drv matter. The rate and extent of decomposition is intermediate between 
aerobic and anaerobic conditions. This is true not only of the total organic 
matter as a whole, but also of the individual constituents including lignin. 
Acharya [1935] reported that in the case of rice straw, the greatest loss of lignin 
takes place under waterlogged conditions, the present investigation shows that 
the loss of this constituent is greatest under aerobic conditions. The influence 
of calcium carbonate and ammonium carbonate mixture on the rate of fermen- 
tation of rice straw under waterlogged conditions has also been found to be 
similar to that under the other two conditions. 

Summary 

1. A study has been made on the decomposition of two samples of rice 
straw : rice straw No. 1 (younger) and rice straw No. 2 (mature) through 
the agency of micro-organisms present in an aqueous solution of a well-manur- 
ed garden soil under aerobic, anaerobic and waterlogged conditions in presence 
of sufficient moisture (straw ; water = 1 : 10) at the ordinary laboratory 
temperature. 

2. The younger rice straw. No. 1, was characterized by a higher content 
of water-soluble substances, nitrogen, ash, and lower amounts of lignin, cellu- 
lose and pentosans in comparison with the more mature rice straw, No. 2. 

3. The course of decomposition was followed by measuring the losses in 
the amounts of the major plant constituents (cellulose, pentosans, lignin, 
protein, fats, waxes, etc.) which account almost completely for the loss of the 
total organic matter. 

4. The anaerobic process of decomposition is characterized by the forma- 
tion of various organic acids, combustible gases (methane, hydrogen, etc.) and 
other intermediate products, while under asrobic conditions, the intermediate 
products, if any, are quickly oxidized to carbon dioxide and water. Decom- 
position under waterlogged condition shows an intermediate behaviour. 

6. Decomposing organic matter tends to lower the pH of the medium 
and inhibit the fermentation process under anaerobic conditions unless proper 
neutrahzing agents are employed. This control of acidity is of insigniflcant 
importance under aerobic conditions where the organic matter is almost com* 
pletely oxidized to carbon dioxide and water. Waterlogged systems behave 
intermediately. 

6. Of the various media employed for control of acidity under anaerobio 
conditions, calcium carbonate was found to be inefficient even when present 
in^ sufficient excess, whereas calcium carbonate and ammonium carbonate 
mixture, though effective at the earlier stages, was ineffective during the later 
steges, due to the insufficiency of ammonium carbonate employed. Ammo- 
nium carbonate added to the extent of 2 per cent nitrogen on the weight of 
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straw (1 • 3714 gm. of ammonium cai^ onate per 20 gm. of rice straw) employed 
was the most successful. Sodium nitrate served a dual purpose : (a) Denitri- 
fication and rapid oxidation of organic matter, (6) Alkalization of the medium, 
leading to the control of acidity. 

7. The process of decomposition was carried out in the following media ; — 
{a) With distilled water only, (ft) with sodium phosphate and magne- 
sium sulphate mixture, (c) with calcium carbonate alone, {d) 
with calcium carbonate and ammonium carbonate (1 per cent 
nitrogen on the weight of straw), (e) with ammonium carbonate 
alone (2 per cent nitrogen on the weight of straw), (/) with so- 
dium nitrate alone (2 per cent nitrogen on the weight of straw). 

Other conditions remaining the same, the rate and extent of decomposi- 
tion of the organic matter as a whole, as well as of the individual constituents, 
were found to increase when the above media were employed in the order 
mentioned. 

8. The rate of decomposition was found to be greatest under aerobic, in- 
termediate under waterlogged and least under anaerobic conditions, all other 
conditions remaining the same. 

9. Under similar conditions, rice straw No. 1 decomposed much more 
rapidly and completely than rice straw No. 2, due to its more favourable 
chemical composition {vide paragraph 2 above). Addition of inorganic nitro- 
gen salts greatly hastened the rate of decomposition of rice straw No. 2, and 
still more, the decomposition of rice straw No. 1. 

10. For successful fermentation of rice straw under aerobic conditions 
about 1*7-1 *9 per cent of nitrogen salts should be present in the medium, 
while under waterlogged and anaerobic conditions rnucl) less quantity (namely, 
about 1*00- 1*08 per cent and about 0*45-0 *50 per cent respectively) is suffi- 
cient. When the straw contains less than this amount of nitrogen, additional 
nitrogen salts are to be supplied to the medium (wliich are gradually converted 
into microbial cell substances with the progress of decomposition). If, on the 
other hand, the plant material contains greater than this amount of nitrogen, 
the excess is rapidly lost as waste ])roducts during the microbial processes, 
chiefly as ammonia. 

11. Of the various plant constituents, the carbohydrate materials (cellu- 
lose, pentosans, etc.) are rapidly decomposed, while lignin, being resistant to 
decomposition, t^nds to accumulate with the {progress of decomposition. 

12. The residue left after decomposition becomes gradually poorer in 
carbohydrates and richer in lignins and protein-like substances and tends to 
approach the composition of humus. 
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II. A NOTE ON THE CHANGES IN THE METHOXYL AND NITROGEN 
CONTENT OF LIGNIN OF RICE STRAW DURING ITS DECOM- 
POSITION BY MICRO-ORGANISMS 


BY 
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S. C. DE 


AND 

H. D. BHOWMICK 

Department of Chemistry, University of Dacca, Dacca 
(Received for publication on 28 December 1938) 

R ecent researches have supported the prevalent idea that lignin, the re- 
sistant constituent of plants, takes the most prominent part in the forma- 
tion of humus, during their micro-biological decomposition. In part I of the 
present investigation also, it has been found that plant residues become gradual- 
ly richer and richer in lignin with the progress of decomposition as the latter 
breaks down only slowly in comparison with other plant constituents. How- 
ever, the decomposition of this constituent has been found to be the greatest 
under aerobic, intermediate under waterlogged and the least under anaerobio 
conditions. Fuchs [1926] summarized the experimental evidences of various 
investigators which tended to establish the role of lignins as the mother sub- 
stances of humus or of humic acids. He stated that the transformation is 
accompanied by the splitting off of methoxyl groups, the formation of phenolic^ 
hydroxyl and carboxyl groups and self-condensations. Various other investi- 
gators, such as Hoppe-Seylor [1899], Page [1932] and Waksman and others 
[1932-34] have also held that humic acid is formed by the combination of 
lignin or modified lignin complexes with proteins during the micro-biological 
decomposition of plant residues. Hebert [1892, 1893] and Deherain [1902] 
were the first to suggest the conception of hurnus as a mixture of lignin and 
protein, the former being the resistant part of the plant residues and the latter 
synthesized by micro-organisms inhabiting them. According to Hobson and 
Page [1932] the nitrogen in humus is associated with humic matter in some 
manner which does not allow of its removal by methods which ordinarUy 
remove physically bound nitrogen compounds. A series of ligno-protein 
complexes were prepared by Waksman and Iyer [1932-33] which behaved in 
most respects, such as colour, solubility in alkalies, chemical reactivity and 
resistance to attack by micro-organisms like the typical humic acids, humic 
matter or alphafraction of humus. 

Waksman and Smith [1934] have observed the gradual removal of 
methoxyl groups in lignin in the process of natural decomposition of organic 
residues under aerobic but more specially anaerobic conditions, but an increase 
in the relative amount of ash and organic nitrogenous compounds. The 
lignin molecule is modified considerably during decomposition even when it 
is not destroyed as a whole. Under aerobic conditions, however, the lignin 
moieciUe as a whole is attacked, and the methoxyl content of the residual 
lignin is not modified to any marked extent. 

( 162 ) 
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An attempt has been made in this paper to follow the changes undergone 
by the lignin fraction during the progress of micro-biological decomposition. 
For this purpose the lignins obtain^ fipom rice straw decomposed under 
various conditions of the medium under aerobic, anaerobic and waterlogged 
conditions (as described in part I) were analysed for : (i) methoxyl content, 
and (ii) nitrogen. 

Now the methoxyl, which is a characteristic group of lignin, is not pre- 
sent in constant proportion in various preparations, but its amount varies 
from source to source of the lignin as was shown by Fuchs [1926], and even in 
the same plant at different stages of growth as was shown by Beckmann [1923], 
Beckmann also found that not only is there an increase in the lignin content 
of plants with an increase in maturity, but the amount of methoxyl also in- 
creases. 

Experimental 

The lignin preparations used for the present study were all obtained from 
rice straws No. 1 and No. 2, as described in part I, at various stages of decom- 
position and the same methods were employed for their isolation to obtain 
comparative results. In part I the method of isolation of lignin has been des- 
cribed. The 8ul[)hurio acid method has two advantages : (i) The lignin is 
isolated quantitatively and free from carbohydrates, and (n) it (‘ontains all the 
methoxyl groups intact. 

It has been recently shown by Harri.s, Sherrard and Mitchel [1934] that 
fuming hydrochloric acid method of isolation of lignin as recommended by 
Willstatter and Zechmeister [1931] is open to objection because part of the 
methoxyl is lost during this treatment. 

The methoxyl values were determined by Zeisel's method as modified 
by Perkin [1903], The nitrogen was estimated by micro-Kjeldahl method as 
only small quantities of samples were available. The distillation apparatus 
is described in Pregl's |1924] ' Quarititative micro analysis ^ (translated by 
Fyleman). The results of analysis calculated per lOf) gin. of lignin employed 
are expressed in Tables T-IV. 

Table 1 

Changes in tht methoxyl conteiit of lignin of rice straw No. I with decomposition 
under aerobic anaerotiic and ivaterlogged> conditions 


Treatment 

Aerobic with distilled water only 
Aerobic, with CaCX), and (NH 4 ),COi 
Waterlogged, with distilled water only 
Waterlogged, with CaCO, and (NH 4 ). CO, 
Anaerobic, with distilled water only 
Anaerobic, with CaCO, and {NH 4 )| CO, 


Original 
lignin 
(per cent) 

After 

3 months 
(per cent) 

After 

6 months 
(per cent) 

8-47 

7 17 

I 

6*87 


7*78 

6*34 


1 5*60 

4*89 


5*82 

6*31 

8-47 

4*69 

3*85 

. , 

4*76 

4*01 


I 
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Table II 

Changes in the methoxijl content of lignin of rice straw No. 2 mth decotnpoaition 
under wrobic, anaerobic and waterlogged conditions 


Treatment 

Original 
li^n 
(per cent) 

I After 

3 months 
(per cent) 

After 

6 months 
(per cent) 

Aerobic, with distilled water only 

9*42 

7'26 

6-62 

Aerobic, with CaCOj and (NH 4 )j OOg 


8'47 

7*82 

Waterlogged, with distilled water only 


6*49 

6'63 

Waterlogged, with CaCOg and (NH 4 ), CO 3 


C-52 

6*87 

Anaerobic, witli distilled water only 


5-59 

4*89 

Anaerobic, with CaCO, and (NH 4)2 CO 3 

s 

BOI 

1 

5*66 

Table III 



Changes in the nitrogen content of lignin of rice, straw No. I with decomiiosition 
under aerobic, anaerobic arid loaterlogged conditions 

Treatment. 

Original 
lignin 
(per cent) 

After 

3 months 
(per cent) 

After 

6 months 
(per cent) 

Anaerobic, with distilled water only 

J '25 

1*28 

i*5l 

Anaerobic, with OaCOg and (NH 4)2 CO 3 


1*31 

1*63 

Waterlogged, with distilled water only 


1 30 

1*72 

Waterlogged, with CaCO, and (NH,), CO, 


1 39 , 

1*87 

Aerobic, with distilled water only 


1*60 

2*37 

Aerobic, with CaCO, and (NH,), CO, 

* 

1-68 

i 

2-58 
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Table IV 


Changea in the nitrogen of lignin of rice etraw No. 2 toith deoompontian under 
aerobic, anaerobic and waterlogged conditions 


Treatment I 

i 

; 1 

Original 
lignin 
(per cent) 

After 

3 months 
(per cent) 

After 

6 months 
(per cent) 

1 

Anaerobic^ with distilled water only 

111 

113 

1*36 

Anaerobic^ with CaCO, and (NH 4)2 CO, 

• • 

1-23 

1*49 

Waterlogged, with distilled water only 


1*30 

2*15 

Waterlogged, with CaCO, and (N'H,), CO, 

1 

1*38 

2*48 

Aerobic, with distilled water only 

1 

1*67 

2*85 

Aerobic, ¥nth CaCO, and (NH,), CO, 

1 

1-73 

2*98 


Discussion of results 

A study of Tables 1-IV shows that the raethoxyl content of li gnin of 
rice straw No. 2 (mature) is higher than that of lignin of straw No. 1 (less 
mature), but the nitrogen content is lower. It has been found that the pre- 
sence of nitrogen in lignin of original plant materials cannot be eliminated even 
after repeated treatments mtli sulphuric acid. This may be due to two 
reasons : (1) The nitrogen may be an int^al part of the molecule, (2) Under 

the influence of concentrated acid the proteins may be rendered partly in- 
soluble (humin). 

lignin from straw No. 1 contains more nitrogen than that from No. 2. 
This may be due to a greater amount of protein being precipitated by the 
mineral acids if the second assumption is correct. 

A glance at Tables I and II will show that with the progress of decomposi- 
tion there is a decided loss of the methoxyl content of lignin under aerobic 
and anaerobic as well as under waterlogged conditions, the loss being greatest 
under anaerobic, intermediate under waterlogged, and least under aerobic 
conditions. It is also found that the loss of methoxyl is not so great when 
the medium contained a mixture of calcium carbonate and ammonium car- 
bonate than when the straw decomposed alone. Possibl}’^ the acidity of the 
medium helps the splitting off of the methoxyl group. 

These facts are supported by the observations of Waksman and Smith 
[1934] who found that aerobic oiganisms attack the lignin molecule as a whole 
and completely destroy it without affecting the methoxyl content of the 
material. Under anaerobic conditions, however, the decomposition of lignin 
is the least but the methoxyl group is rapidly split off. The waterlogged 
system shows aR intermediete l^aviour. 
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On the other hand, a study of Tables III and IV shows that nitro^n 
content of lignin increased, with increftsing periods of fermentfttion, the in- 
crease being most marked under aerobic, intermediate under waterlogged and 
least under anaerobic conditions. This may probably be due to : (t) the 

greater activity of aerobic organisms resulting in the systhesis of grater 
amounts of microbial proteins, or (it) the greater activity of aerobic organisms 
in the synthesis of ligno-proteins. 

It is also to be noted that the addition of nitrogen as ammonium oarbonate 
in the decomposing rice straw also increases the formation of ligno-protein 
complexes. 

Attempts were made to measure the rate of formation of humic acids 
(the alkali-soluble and acid-insoluble fraction of the decomposing organic 
matter) with the progress of decomposition of rice straw. But as both the 
original Hgnin and lignin-humic acid mixture of the decomposed straw were 
somewhat soluble in alkalies, these attempts did not throw much light on the 
problem. Karrer and Boding-Wieger [1921, 1923] demonstrated that when 
acetyl bromide is allowed to act upon plant material, practically all of the 
organic constituents, except ‘ humified matter ^ are brought into solution, 
forming acetylated and methylated products ; and he used this method for 
the separation of the undecomposed plant residues from the * humified ^ 
substances. But it was found that this action of acetyl bromide is extremely 
slow and at least four to five days contact with the hot reagent was 
necessary before much effect was produced. 

The action of this reagent and also the conductometric titrations of 
humified lignins are under investigation. 


Summary 

1. A study has been made of the changes in the content of nitrogen and 
methoxyl in the lignin preparations (obtained from straw No. 1 and straw 
No. 2) at various stages of decomposition under aerobic, anaerobic and water- 
logged conditions 

2. There is an increase in the nitrogen and decrease in the methoxyl 
content of lignin with the progress of decomposition. When the plant ma- 
terials are decomposed with a mixture of calcium carbonate and ammonium 
carbonate, the loss of methoxyl is less but the nitrogen content is iiigher. 

3. Loss of methoxyl is the greatest under anaerobic, intermediate under 
waterlogged, and the least under aerobic conditions. The reverse is the case 
with the increment of nitrogen content. 


Acknowledgments 

The authors’ thanks are due to Prof. J. C. Ghosh, D.So., P,N.I,, Head of 
^e Department of Chemistry (now Director, Indian Institute of Scienoe, 
Bangalore) and to Prof. S. N. Bose, Dean of the Faculty of Science, University 
01 Dacca, for their land interest and helpful criticisms during the progress of 



II] MICBO-BIOLOGICAL DECOMPOSITION OF PLANT MATERIALS, II 157 

REFERENCES 

Beokmaiin, E., Lie^he, O. and Lehmann, F. (1923). Biochem. Ztachr, 139, 491-508 
Deherain, P. P. (1902), Traite de Ohimie Agrieole, ed. 2, Paris 
Fuchs, W. (1926). Die Chemie des Lignins, Berlin 

Harris, E. E., Sherrard, E. C. and Mitchel, R. L. (1934). J. Amer. Chem. Soc. 56, 889-93 
Herbert, A. (1892, 1), Ann* Agron* 18, 636-60 

(1892, 2). Compt Rend. Acad. Sd. 115, 1321-3 

(1898). Expt. 8ta. Record 5, 141-68 

Hobson, R. P. and Page, H. J. (1932). J. Agric. Sci. 22, 497-516 
Hopjie-SeyJor, F. (1899). ZUtchr. PhyaioL Chem. 18, 66-121 
Karrer, P. and Boding-Wieger, B. (1921). Helv. Chim. Acta. 4, 700 

(1923). Hein. Chim. Acta. 6, 817-22 

Page, H. J. (1932). J. Agric. Sci. 22, 291-6 
Perk in, W. H. (1903). Proc. Chem. Soc. 19, 1370 

Pr^l, F. (1924). Qnantitalive Micro-analyeis. (Translated by E. Fyleman). London, 
J, & A. Ohurchil. Page 96 

Waksman, 8. A. and Iyer, K. R. N. (1932, 1). J. Wash. Acad. Sci. 22, 41-50 

(1932, 2). Soil Sd. 84, 43-80 

(1933). Soil Set. 36, 57-82 

Waksman, 8. A. and Smith, H. W. (1934). J. Amer. Chem. Soc. 56, 122.5 
Willstatter, R. and Zchm^Mster. L, (1931). Tnd. Eng. Chem. Anal. Ed. 3. 253 



STUDIES ON THE CHEMICAL CONSTITUENTS OF 
INDIAN LATERITIC AND RED SOILS 

I. DETERMINATION OF FREE SESQUIOXIDE COMPONENTS 
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Agrictdtural Chemistry Section, Dacca UnivtraUy 
(Received for publication on 28 September 1939) 

Introduction 

T he determination of free alumina and free iron oxide is important for the 
proper characterization of red soils. Bauer’s [1898] work showing 
that the laterites of Seychilles was similar to the so-called bauxite of Hesgy 
in Germany not merely drew attention to the fundamental chemical character 
of laterite, but left little else than details to be done by others on the nature 
of laterites. Dealing with some aspects of tropical soils, Hardy [1936] writes : 
‘ Evidently the present usage of the term laterite by petrologists is inexact, 
and the modern definition has come to mean a liighly aluminous and highly 
hydrated residual rock product, usually also rich in hydrous iron oxides and 
containing other characteristic components ’. It has been used in this sense 
by Harrison [1933], by many other early soil investigators and geologists. 
Mention may also be made liere of the views of Warth and Warth [1903], 
who, as a result of their detailed chemical examination of many typical 
Indian laterites, write ; ‘ Further, the results show the term laterites has a 
distinct meaning throughout the many varieties of this rock. Laterite is 
bauxite in various degrees of purity from the richest wochenite down to such 
specimens, in which the free alumina has entirely disappeared ’. The deter- 
mination of free alumina and free iron oxides at different horizons of the red 
soil profiles of India w'as accordingly undertaken. 

Different methods have been suggested by different workers for the 
determination of the sesquioxide components, viz. by Van Bemmelen [1933], 
Tamm [1922], Mattson [1931], Hardy [1931], Drosdoff and Truog [1936], 
and recently by Truog and co-workers [1937], Tamm’s ammonium oxalate 
method seems to be very drastic treatment and of the other methods the one 
most commonly used is that devised by Hardy. Recent investigations however 
indicate that methods of Drosdoff and Truog (which has been later modifier! 
by Truog and co-workers), is most convenient for the determination of free 
iron oxide components of soils. Accordingly, as a preliminary stage of this 
work, the data of the percentages of sesquioxide components of soils were 
obtained following the methods of Hardy and of Drosdoff and Truog. 

( 168 ) 
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Bzperimental 

I. DSTHSMIITATIONS BASED ON THK PRINCIPLE OF ALIEARTN AU.SORl>'riON USED 

BY Hardy [1931J 

In this procedure the amount of alumina and iron oxide uncombined with 
silica U determined by the adsorption of alizarin, the detemiinationK being 
based on the fact that the iron oxide in the soil can adsorb alizarin sulphonate 
only before ignition, whilst the alumina gel can a<lsorb alizarin sulphonate 
only after ignition. 

Two portions were taken, each of mass one gram (70 I.M.M.). One 
portion was heated to dull redness (800®C.) for six minutes in a silica crucible 
covered by a lid, the other was not heated. Each iM>rtion was introduced 
into a Pyrex glass test tube containing 20c.c. of O' 5 per cent solution of sodium 
alizarin sulphonate (alizarin — S)*. Adhering particles were washed down the 
sides of the tubes with 10 c.c. of 80 per cent boric alcoliol. The tube.-, were 
heated with simple condensers and then heated in a gently boiling water bath 
for ten minutes. After settling for live minutes, the Kuiwrnatant liquid in 
each tube was decanted into a Buclmer funnel containing filter paper pulp, 
and filtered by suction into a filtering flask. The solid material was treated 
with 26 o.c. boric alcohol, boiled, and the whole suspension poured into the 
funnel and filtered by suction. Excess of dyestuff was washed out of the sedi- 
ment with a little boiling boric alcohol followed by boiling distilled water. 

The adsorbed dyestuff from the stained material was extracted by means 
of a saturated aqueous solution of sodium oxalate containing sufficient free 
oxalic acid to impart a pH value of 3 • 8. The concentration of the dyestuli' 
in the extract was measured in a Dulmscq colorimeter against a standard. 
From tlie results both the alumina content and the ironoxide content of the 
soils could be calculated. 

A blank oxalate extraction on I gm. of the material, both fresh atid ignited, 
omitting the dyestuff treatment, was performtvl in all cases to conect 
for the iron solubility of ferruginous materials. 

II. Determinations based mainly on the principles devised by Dros- 

DOFF AND TrCOG [1935] 

{A) Separation and deUrminaiion of free silica nnij free alumina 

Two gm. of soil (70 l.M.H.) were digesteil with 2 i>er cent .sodium carbon- 
ate solution in a 250 c.c. Pyrex beaker at about 70°C. for 10 hom-s with frequent 
stirring by glass rod to dissolve free silica and friNj alumina. The content, 
of the beaker was decanted and washed several times with 0-05 A" hydro- 
chloric acid, using an Ecoo centrifuge. The washings were analj'sed for free 
siUoa and free alumina. 

(B) Determination of free iron oxide 

The residue oontaining soil from (A) was su8i)ended in 250 c.c. water in a 
500-o.c. bottle and saturated with sulphuretted hydrogen for half an hour. 
It was then made just alkaline with normal ammonium hydroxide, shaken 
for half an hour, acidified with decinormal hydrochloric acid, adding an excess 

* 100 0 . 0 . of tho solatioQ contained about 80 c.c. of 80 p<.*r cent alcohol saturated 
with borio aoid (pH 8*2). 
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of about 60 c.c. to dissolve the iron sulphides completely, and then warmed 
on water bath to drive off the sulphuretted hydrogen and coagulate the suspen- 
sion which was then transferred to the centrifuge tubes and the supernatant 
liquid was collected by decanting after centrifuging. The residue was washed 
several times with 0'05 N hydrochloric acid by centrifuging. The super- 
natant liquid and washings were collected and the quantity of iron oxide was 
determined in the solution. Soils containing large amoimts of iiee iron oxide 
may require more than one treatment for complete removal of iron oxide. 

Results 

Table 1 shows tlie results of the determination of free alumina and 
free iron oxide by Hardy’s method with some typically Indian red soil samples 
on profile basis, whilst Table II gives the comi»ari8on of the data of free ses- 
quioxides obtained by the methods of Hardy and of DrosdoflT and Truog. 
The percentages of free silica obtained by the latter method is also included 
in the same Table II. The figures for the percentages of free alumina have 
been calculated by the new calculating factor (0- 1) given by Hardy [Hardy 
and Rodrigues, 1939]. 

Table 1 

Percentages of free sesquioxide components Stained by the Hardy's method 


Ovrn dry l>asi8 


Soil Nt). T.ocalit.j 

I 

Depth 

i Per cent 

1 frtM’i 

A1,0, 

Per cent 
free 

* Fo,0, i 

I^er cent 
total free 
! Al,0, 

iFe.O, 

Ip Dacca, Bengal 

0 in — 6 in. . 

1 02 

2 14 

3*10 

2p Dacca, Bengal 

6 in. — 2 ft. 3in.j 

1'80 

3 89 

6 B9 

3p Dacca, Bengal 

2 ft, 3 in. -4 ft. 

* 2'40 

4*90 

7 30 

4p ; Suri, Bengal 

0 ft.— 1 ft. . 

1-56 

2 22 

3*78 

5p Suri, Ben^l 

1 ft.— 1 ft. 6 in. 

1 -81 

2*36 

4*16 

6p Suri, Bengal 

1 ft. 6 in. — 4 ft. 

2 08 

3 33 

5*41 

7p Suri, Bengal 

Below 13 ft. . 

1 *98 

1 06 

3 03 

8p Suri, Bengal 

Below 13 ft,. 

I 08 

0 93 

2 01 

lOp Bidar, Hyderabad 

Oft.- J ft. . , 

6H2 

2-68 

9*30 

I3p Bidar, Hyderabad 

0 in.- 1 ft. 6 in.; 

j 

6*92 

3*00 

8 92 

]4p Didgi, Hyderabad 

8iu*face layer , 

2-60 

4 77 

7*27 

]5p Didgi Hyderabad . 

61 ft.— 64 ft. j 

7 OB 

612 

12*18 

16p Jairabad, Hyderabad 

0 in. — 1 ft. Bin, 

4 98 > 

2*68 

7*66 

18p Hinaayetsagar, Hydera- j 
hnd 

0 in. — 3 in. . 

0*91 

1*67 

2*58 

i/cKl 

19n Himayetsagar, Hydera- 
bad 

3 in.— 1 ft. 6 in. 

0*72 

3*78 

4*r^o 

2iyp Himayetsagar, Hydera- 
bad 

1 ft, 6 in. — 4 ft. 

1 

1 

1*40 

1*05 ; 

1 

2*46 
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Table I — c<mld. 






Oven dry basis 

SoONo. 

j 

i 

t 

Locality 

Depth 

Per cent 
free 

A1,0, 

1 

Per cent [ 
free 

Fe,0, 1 

Per cent 
total free 
Al.O, 

-fFe.Oj 

{ 

21p ! 

i 

Himsyetaagar* Hydera- 
bad 

1 ft. 6 in. - ■4 ft. 

1 

3*04 

2-09 

6*13 

28p 

Telankheri, Nagpur, C. P. 

0 in. — 2 in. . 

10‘30 

3-92 

14-22 

24p 

Telaiikheri, Nagpur, C. P. 

2 in. — 2 ft. 6 in. 

8-38 

6-85 

16-23 

26p 

Telankheri, Nagpur, C.P. 

13 ft— 16 ft.. 

108 

104 

2-12 

27p 

Telankheri, Nagpur, C. P. 

16 ft.— 21 ft.. 

0-64 

2-47 

3*01 

33p 

Raipur, C. P. 

• # i 

0 in. — 4 in. . 

6*33 

3-47 

9-80 

Sip 

Raipur, C. P. 

. 

1 4 in. — 1 ft. 5 in. 

6*74 

3-97 

10-71 

35p 

Raipur, C. P. 

• i 

j 1 ft. 6 in. — 4 ft. 

i 

7-62 

4-68 

12-30 

dOp 

Raipur, C. P. 

• 

1 

1 0 in. — 6 in. . 

6*82 

2-10 

7-92 

87p 

Raipur, C. P. 

• 

! 0 in. — 6 in. . 

409 

2-63 

6-62 

38p 

Labhandi, Raipiu, C. P. 

1 0 in. — 8 in. . 

4-38 

2-61 

6-89 

39p 

Labhandi. Raipur, i), P. 

; 8 ft.— 10 ft. . 

3 32 

1 

( 

1-66 

4-87 

42p 

Aliaagar, Hyderabad 

Oft.— 1 ft. , 

‘ 3-24 

4-37 ; 

7-61 

43p 

Alisagar, Hyderabad 

> 1 ft. and doivn 

1 614 

1 

3-78 

8-92 

53p 

Nilgiri Hills"! 


Oin. — 1 ft. 8 in. 

s 

^ 1-86 

3-25 

5-11 

54p 

Nilgiri HiUs 

^(l)-3000ft. 

1ft, 8 m.— 3 ft. 

1-94 

4-40 

6-34 

56p 

Nilgiri Hills J 

1 a.s.1. 

B^low 54p 

; 1 44 

i 

} 

3*78 

5-22 

66p 

Nilgiri Hills") 

1 

Oft.— 1ft. . 

9-63 

7-19 

16*72 

57p 

Nilgiri HUls 

W2)-6000 ft. 

1ft.— 2 ft. . 

! 9-62 

7-37 

46-99 

58p i 

1 Nilgin HilteJ 

[ asS.l. 

2 ft.— 6 ft. . 

j 11-64 

t 

6*90 

17*54 

5»p 

Nilgiri HillBl 

1 

0 in. — 1 ft. . 

13*70 

7*99 

21-69 

OOp 

Nilgiri Hilb { 

[ (81-7000 ft. 

1 ft.— 3 ft. . 

20-84 

10-00 

30-84 

61p 

Nilgiri Hills 1 

1 a«s*l« 

3 ft. — 4 ft. 6 m. 

17-34 

7-18 

24-52 

62p 

I Nilgiri Hills J 

1 

1 4 ft. 6 in. — 6 ft. 

1701 

7-07 

24*08 

esp 

Guntur, Madras « 

0 in. — 9 in. • 

9-04 

6-23 

15*27 

6^ 

Qunttir, Madras 

9 in.—— 16 ft.— 6 
ft,) 

2-96 

4-95 

i 

7-91 
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Tablbi II 

Comparison of the data of the free, sesquioxide obtained by the methods of Hardy and 

of Drosdoff and Truog 

Oven dry basis 


I 

! Hardy’s method Drosdoff and Truog’s method 
Soil No, 





Per cent 
free 
A1,0, 

Per cent 
free 

FejOa 

Per cent 
free 

SiO, , 

PcMT cent 
free 
A1.0, 

Per cent 
free 
Pe,Oj 

33p 



6-33 

3*47 

0*0919 

0*495 

6*01 

34p 



6-74 

3-97 

0*1038 

0*757 

6*42 

35p 



7fi2 

4‘6S 

0*1349 

0*497 

7*37 

63p 



l-Sti 

3*26 

0*1197 

0*522 

4*74 

64p 



1 -94 

4*40 

01715 

0*764 ; 

6*70 

55p 



1 44 

3-78 

01503 

0-477 ' 

; 5*70 

i 

56p 



9-53 

7*10 

01820 

0*522 1 

1 

1 7*78 

57p 



9-62 

7*37 

0 1954 

1*065 i 

8*21 

68p 



11-64 

($•90 

0*2174 

1-007 ; 

7*42 

69[) 



13-70 

7-99 

0*1847 

0*819 

11*51 

OOfi 



20-84 

1000 

0 1086 

0*517 i 

16 47 

6Jp 



17-34 

7-18 1 

01 193 

0*363 ! 

11*67 

a2p 



17-01 

7 07 1 

01614 

0*396 ! 

i 10*22 


Discussion 

It will be seen from ^.Fable I that the percentages free iron oxides in the soils 
bear no relation to the percentages of free alumina. It is also foiiiui that in 
the case of the Dacca profile the contents of botli alumina and of iron oxide 
increase down the profile. In t lie case of the profile from the Suri, the j)er- 
centages of both oxides show a maximum at an intermediate depth. The pro- 
file from Himayetsagar shows a minimum [KTcentagt^ of t'ri'v ajumina at inter 
mediate depth, whilst the percentage of free iron oxific shows a luaxiinum 
at an intermediate depth. In the (^ase of Telankheri }>rofiIe at Nagpur, 
the percentage of free alumina decreases down the [irofile, whilst the jwr- 
centage of free iron oxide shows a maximum at an interine<liat 4 i depth. In 
i;he case of the Raipur profile in the Central Provim^es both the percentages of 
alumina and iron oxide increase as the depth of the profile increases. The 
profiles from the Nilgiri Hills, in general, show a maximum concentration of 
alumina and iron oxide at an intermediate depth of the profile. 

Except in the case of soils from Nagpur and Nilgiri Hills (2) and (8), 
and the top layer of Guntur soils the percentage of free alumina in the soil 
samples is never very high, so that, judged from the point of view of Bauer 
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all the so-called -lateritic soils of India in Table I, cannot be classed as late- 
rites or lateritic?. This conclusion also ap|)ears to be evident from a considera- 
tion of the SiO^/Al^Oa and SiOJAl^O^ Fe^O;. ratios of the clay fractions*. 
The Si 0 £/Al 203 ratios of clay fractions are often greater than 2 which suggest 
that the soils cannot be (classed as laterites or lateritic in the sense of the defini- 
tion by Martin and Doyne f 1930], although they are known to be such by the 
departments of Agriculture of the respective provinces from where the soils 
were collected. 

The data in Table II indicate that the percentages of the free alumina 
obtained by Hardy’s method are much higher than those obtained by the me- 
thod of Drosdoff and Truog. On the other hand, the percentage of iron 
oxides obtained by Hardy’s method are somewhat smaller. There appears to 
be no parallelism l)etwoen the results obtained by the two methods. In view 
of the (jonsiderations set forth alxjve, it is felt desirable to examine more 
closely the validity and usofulnesH of different methods for estimating the free 
sesquioxide components in Indian lateritic soils. Such investigations are in 
progress. 

Thanks of the authors are due to Prof. J. C. (Jhosh for his kind interest 
during the progress of this work and to the Imperial Council of Agricultural 
Research by whose grant the soil samples used in the present investigation were 
collected. Tlmnks are also due to the Bengal Government for the award, 
to one of the authors (M. S.), of a resean-h scholarship which has enabled him 
to carry out this work. 

Summary 

1. The j>erccmtages of free sesquioxides in Indian lateritic and red soils 
have been determined on profile basis following the methods devised by Hardy 
and by Drosdofl and Truog. 

2. The {HTcentages of free iron oxides obtained by Hardy’s method are 
somewhat smaller than those obtaintxl by the method of Drosdoff and Truog. 

3. The {KTcentagcs of free alumina obtained by Hardy’s procedure are, 
on the other hand, much higher than those obtained by the other method. 

4. TheitJ i.s n<i ccui elation between the results obtained by the two methods . 
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THE DEPTH OF THE SURFACE LAYER OF THE SOIL 
TAKING PART IN THE DIURNAL EXCHANGE OF 
IVJOTSTURE WITH THE AIR LAYERS 
NEAR THE GROUND 

BY 

A. K. MALLIK, M.So., B.Sc. (Aa.), Assoo. I.A.R.I. 

Assistant Agricultural Meteorologist, Meteorological Office, Poona 
(Boccived for publication on 16 August 1939) 

iNTBODtrcnON 

I T has been shown in a series of papers [Katti, 1935 •, Raiuclas, 1934 ; Ram- 
das el al., 1934, 1935, 1936, 1938, 1939 1 that during the clear season at 
Poona when the ‘ surface layer ’ of the soil is so dry as to contain hygroscopio 
moisture only, the soil loses moisture by evaporation into the atmosphere 
from morning till afternoon but from the afternoon till the next morning it 
absorbs from the atmosphere more or leas all the moisture lost during the earlier 
part of the day. Thus there is a regular sequence of maximum ami minimum 
moisture content epochs of the soil at about the minimum and the maximum 
temperature epochs respectively. The exchange of moisture is greatest in 
the b ack cotton soil, much less in the alluvial soil and practically absent in 
quartz powder. The exchange of moisture is confined to the surface layer 
of the soil but the exact thickness of the layer involved in the diurnal exchange 
of moisture remained to be found out. This })roblera received attention 
during the clear season of 1939. The clear season at Poona is characterized 
by cloudless skies, a large diurnal range of temperature and of relative humidity 
and feeble air movements. During the period March to June 1939 some ex- 
periments were made to find out the exact thickness of the ‘ surface layer ' 
of the Boii exchanging moisture with the air layers near the ground. A short 
note on the subject describing only the results in the case of the black cotton 
soil of Poona was published recently. In the present ])aper the results ob- 
tained with some other typical Indian soils are discuss^ in detail. 


Matbrials and mbthods 

A series of cylindrical brass vessels 4-75 cm. in diameter were made 
with their tops open and the bottoms closed. The series of cylinders were 
made with increasing heights for exposing soils with depths ranging from 1 
to 40 mm. The soils under study, thoroughly air-dried and passed through 
a 1 mm. sieve, were filled in these pots, the actual depths of soil being 1, 2, 
3, 4, 5, 10, 20 and 40 mm. respectively. These vessels wore kept embedded 
in the ground with their tops fully exposed. It was arranged that the sur- 
face of the soil in each experimental vessel was at the same level as that of tibe 

( 164 ) 
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goil outside. On selected clear days these vessels were exposed in the open 
and weighed at intervals to find out the maximum and minimum weights 
of the soil due to the gain or loss of moisture in the process of exchange with 
the atmosphere. The following soils were included in the study : — 

(i) Black cotton soil of Poona. 

(ii) Red soil of Bangalore. 

(iii) Alluv al soil of Lya’lpur. 

(iv) Sandy soil of Trivandrum. 

Statement of besot^ts 

(o) Exchange of moisture by the black cotton soil of Poona as shmvn by the maxi- 
mum and minimum weights 

Poona soil was filled in the vessels ranging from 1 to 40 mm. in depth 
and these were exposed to the open on a series of clear days in March, April 
and May 1939. The maximum and minimum weights were obtained by 
weighing these vessels with the 8C)il at 6 a.m. in the morning and at 2 p.m. 
in the afternoon i-esiicctivelj-. Tables 1 {«), (b), (c) and (d) give the difference 
between the maximum and minimum weights for various depths of soil on 
the different occasions. 


Table 1(a) 

Black adton soil of Poona {maximum-minimum weight in gm.) 


Depth of soil 
(nim.'y 

23-3- 193» 

I 

24 - 3 . 1939 

1 

i 

25 . 3 . 1939 

( 

t 

26-3-1939 

Me«ii 

1 

1 

0 1945 

1 

j 01962 

1 

0 1902 

0*1918 

0*1929 

2 

0-3632 

; 

0*3612 

0-3610 

0*3808 

0*3640 

3 

0-4640 ; 

0-6016 

0-6248 

0-4986 

0-4972 

4 

0-5818 

0-6688 

1 

1 

0*6544 

i 

0*6140 

0-5798 

5 

0-6918 

0*6666 

1 1 

0*6304 

1 

0*6632 

0*6600 

10 

0*7808 

! 

0*7708 

0*7634 

0*7732 

0-7720 

20 

! 0*7402 

9 

0*7418 

0-7576 

0*7104 

0-7373 

40 

1 0*7216 

i 

0-6808 

1 0*7302 

1 

0*7096 

0-7108 
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Table 1(6) 

Black cotton soil of Poona (maximum-minimum wigM in gm.) 


Depth of soil 
(mm.) 

6-4-193U 

6-4-1939 

7-4-1939 ' 

! 

8-4-1939 : 

Merui 

1 

0-2748 

0-2676 

0-2828 ; 

0-2684 

0*2079 

2 

0-321)2 

0-3140 

0-3462 1 

0-3624 

0-3872 

3 

0-4608 

0-44r»2 

0-4470 

0*4932 

0-4618 

4 

0-5542 

0-6984 

0-6296 

0-599H ’ 

0-5706 

'y 

0-7630 

0-7968 

0-7428 

0-7066 

0-7620 

10 

0-9436 

0-9920 

0-9912 

0-9296 

0-9641 

20 

0-9008 

0-9646 

0-9008 

0-8994 

i 0-9139 

40 

0-9088 

0-9420 

0- 86(H) 

0-8784 

0-8973 


Table I (c) 

Black cotton soil of Poona (maximum-minimum weight in gm.) 

Depth of soil : 24-4-1939 25-4-1939 26-4-1939 Moan 

(mm.) I 



0-2488 

0-2452 

0-1592 

0 2177 

3 

0-6904 

0-602H 

t 

0-36(Xl 

O-4804 

6 

0-8838 

0-7320 

0-5244 

0*7135 

10 

0-9242 

0-7572 

0-5204 

0*7303 

!5 

0-94«8 

0-7304 

0-48UI 

0-7229 

20 

0-9024 

0-7288 

0-4072 ! 

0-0995 

25 

0-8H7« 

0-7208 

0-4080 j 

O-OMl 

30 

0-8874 1 

0-7244 

0-4060 i 

0*6926 

35 

0-8748 1 

0-7196 

1 

0-4004 1 

0*<W4« 

40 

0-8420 

0-7160 

0*4610 1 

0*6727 
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TaBIiB I {d) 

Black cotton soil of Poom (maximtm^inimum weight in gm,) 


Depth of soil 
(mm.) 

1-6.1939 

2-6-1938 

i 

3-6-1039 ; 

Mean 

1 

0*2104 

0-2407 

0*1836 

0*2116 

3 

0*3263 

0-3480 

0*3046 ; 

0*3266 

5 

0*6810 

0-(i048 

0*6624 

0*6794 

10 

0*8606 

0-8H70 

0*7060 

0-8147 

15 

0*8300 

0-869ti 

0-6908 

0 790J 

20 

0*8108 

0 8132 

0-6824 « 

0-7688 

25 

0*8064 

0-8084 

0*6788 

{ 

0*7642 

30 

0*7986 

0-8002 

0*6742 

0*7577 

35 

0*7914 

0-71K)8 

0*6740 

0*7521 

10 

0*7788 

0-782«) 

0-6724 ! 

0-7446 


(h) Kjrchangi of moinhirf \)y the red soil of Baiigalore (is shoum hij the tnaxinmm 

and minimum weights 

Ah ill the etine I^KUia 8oil, the vesHC‘ls filled with the re<l soil of Bangalore 
vuM'e ex|K)eed <luring the jieriod 24th April HKIU to Hrd May and llie 

maxiinnni arul ininimiun weightn were detennine<l l>y weighing at 6 a.m. 
and 2 r.M. reH[M‘<*ti\ely. "lables 11(a) and (6) give the diff*(Tenei‘ between the 
maxiniutn aiul niiniiiuiin weights in gm. for various depths. 

Table 11 (a) 

Red soil of Bangalore (maximum -minimum weight in gm,) 


'pth of soil 
(mm.) 

24*41939 

26-4-1939 1 

i 26-4- 163!* 

Moan 

1 

0*0304 

0*0238 1 

0*0270 

0-0273 

3 

(•-(*952 

0-('666 

0 039« 

0 0035 

6 

0*1472 

0-0968 

0-(1734 

0 106S 

10 

0*2632 

0*1826 

0-1334 

0* 1897 

16 

0 3668 

0*2320 

0-1666 

0*2515 

02 

0*3996 

0*2736 

0-1884 i 

0*2872 

26 

0*3668 

0*2684 

; 0-1698 j 

0*2060 

30 

0*3616 

0*2472 

0-1694 j 

0*2627 

36 

0*3262 

j 0*2398 

0-1698 

0*2419 

40 

I 0*3128 

i 0*2308 

1 

0-1622 

0*2319 
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Table n (b) 

Red soil of Bangalore (maxitnum-mirtimvtn toeight in gtn.) 


Depth of soil 
(mm.) 

1 

1-5-1939 

2-5-1939 

3-6-1939 

Mean 

1 

1 

0-0338 

0*0280 

0-0248 

0-0289 

3 

! 0‘0606 

j 

‘ 0-0564 

0*0546 

0-0539 

5 

i 0*0002 

1 0*0946 

0-1002 

! 0*0960 

10 

i 0-1784 

0-1806 

0-1748 

0*1779 

16 

0*2686 

0-2762 

0*2213 

0*2560 

20 

j 0-3198 j 

0-3244 

0-2936 

0-3126 

26 

1 0-3104 j 

0-3128 

0-2600 

0-2944 

30 

0-3068 ; 

0-2898 

0-2484 

0*2817 

35 

0-2024 j 

0-2880 

0-2422 

0-2742 

40 

0-2868 j 

\ 

0-2864 

0-2400 

0-2711 


(c) Exchange of moisture by the alluvial soil of Lyallpur as shoum by the nuaimum 

and minimum weights 

The vessels vere filled with alluvial soil of Lyallpur and exposed during 
the period 6th April 1939 to 1 3th May 1939. The maximum and the minimum 
weights were determined by weighing these vessels at 6 a.m. and 2 P.M. res- 
pectively. Tables III (a) and (6) give the difference bet^veen the maximum 
and minimum weights in gm. for various depths of soil. 


Table 111 (a) 

Alluvial soil of Lyallpur {maximum-minimum weight in gm.) 


Depth of soil 
(mm.) 

6-4-1039 

6-4-1039 ; 

1 

- 1 

7-4- 1939 

8-4. 1939 

Mean 

1 

0-0464 

0-0260 

0 0342 

0*0346 

0-0353 

2 

0-0620 

0-0644 

0 0668 

0-0608 

0-0560 

3 

o-oeoo 

0*0816 

0 0960 

1 0-0764 

0-0785 

4 

0-0834 

0-1436 

01618 

[ 0-1338 

0-1307 

6 

0-1176 

0-1840 

01992 

j 

0 1536 

0*1636 

10 

0*1347 

0*2006 

0-2312 

0-1884 

0-1887 

20 

0*1956 

0-3208 ' 

0-3496 

0-2774 

0*2859 

40 

0-1856 1 

( 

0-3056 

I 

0-8304 

0-2684 

0*2700 
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Table III (6) 

Alluvial soil of Lj^Upur {nuiximum-minimum weight in gm.) 


Depth of soil 
(mm.) 

8-5-1080 

0>5-ld30 

10-5-1030 

11-6-1 930 j 

1 12-5-1030 1 

i 

13-6-1939 

Mean 

1 

0 0200 

0-0166 

0-0280 

0-0204 j 

0-0276 j 

0 0292 

0-0246 


0 0456 

0-0064 

0*0448 

0-0648 

0-0086 

0-0684 

0-0681 

& 1 

0 0S28 

0-1804 

0-1322 

0-0848 

0-1626 

0-1946 

0-1396 

10 j 

01660 

0-2028 

0-1646 

0*1147 , 

0-2096 

0-2648 

0-1871 

16 { 

0-2072 

0-2867 

0-2004 

0-1642 

0-2998 

0-3264 

0-2474 

20 

0-2488 

0-3404 

0-2336 

0-1818 

0-3964 > 

0*4022 

0-2987 

£6 1 

0-2546 

0-3408 

0-2300 

0-1040 

0-4092 

0-4002 

0-3075 

30 ’ 

0-2314 

0-3444 

1 0-2310 

0*1832 

0-3408 

0-3796 

0-2851 

35 ! 

0-2014 

0-3284 

0-2272 

0-17O6 

0-3246 

0-3468 

0-2666 

1 

40 

0-2000 

0-3022 

0-2006 

0-1602 j 

0-3018 , 

0-3242 

0-2497 


(d) Exchange of moisture by the sandy soil of Trivatidrum as shown by the mood* 
mum and minimum weights 

The veeselH were laatly filled with sand and exposed to the open during 
the period 30tfi May 1939 to 2nd June 1939. The maximum and the minimum 
weights were determined by weighing these vessels at 0 a.m. and 2 p.m. 
respectively. 

Table IV gives the dift'erence between the maximum and the minimum 
weights in gm. for various deptlis of soil on different days. 

Table IV 


Sandy soil of Trivandrum {maximum-minimum weight in 

Depth of soil 30-6-1939 31-6 1939 1-6-1939 ^ 2.61939 

(mm.) 

gm.) 

Mean 

1 

U-0000 

0 0000 

O-OtKX^ 

0 0000 

0-0000 

2 

y-0000 

0 0000 

(»OUO0 

ooooo 

ooooo 

3 

n-WUO 

0 CKMK) 

U*0(KH) 

0 0000 

o-oooo 

4 

O(Ki00 

U-(iUOU 

0 0000 

ooooo 

0*0000 

6 

0 0003 

0 0004 

0 00tM» 

0 0000 

0-0002 

10 

0-0030 

0 0042 

0 0002 

0-0002 

0-0019 

16 

0-02«» 

0-0316 

0 0162 { 

\ 

() 0142 

0-0227 

20 

0*0296 

0*0380 

OOl<54 ! 

0014 s 

0-0247 

26 1 

1 0*0388 j 

OIH84 

0-024«5 ! 

0-0226 

0*0341 

30 . 1 

0*0412 

0*0508 

0 0316 1 

0-0302 

0*0383 

36 

0*0464 

0*0540 

00398 j 

0 0324 

0*0431 

•10 

0*0470 

0*0648 I 

- L 

0-0400 

0*0328 

0*0437 
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Discussion 

An examination of the above tables will show that on clear days the 
‘ surface layer ’ of the soil is constantly exchanging moisture with the air 
layers near the ground. The amplitude of this moisture exchange is found 
to be greatest in tbe black cotton soil of Poona and least in the sandy soil 
of Trivandrum. Also the amplitudes of the soils studied are in about the same 
relation as found by Ramdas and Katti [ 1934, 2]. 

It is also seen from the tables that in all the soils examined the amount 
of moistuie exchanged goes on increasing till a certain depth is reached be- 
yond which the amplitude of variation does not show much change with 
further increase in the depth of soil.* The above depth indicates the actual 
thickness of the smface layer which is taking part in the diurnal exchange 
of moisture between the soil and the air layers near the ground. The exact 
depth of soil involved is different in the different types of soils. Table V 
gives the depth of soil exchanging moisture with the atmosphere in the case 
of the four types of soils studied. 


Table V 


Type of soil 

Depth of soil 
involved in the diurnal 1 
t^xchango of moisture | 

(mm.) 1 

Mean maximum 
amplitude of vaiialtoti 
in weight 
gm* f>er sq. om, 

i 

1. Black cotton soil of Poona 

10 

0 0460 

2. Red soil of Bangalore 

20 

00166 

3. Alluvial soil of Layallpur 

26 

0-0167 

4. Sandy soil of Trivandrum 

More than 40 

0 0025 


Thus it is seen that although the amount of moisture exchanged is maxi- 
mum, the depth to which this moisture exchange extends is minimum in the 
Poona soil. On the other hand, in the sandy soU of Trivandrum, the moisture 
exchange penetrates much deeper although the amount of moisture exchanged 
is very small. As is well known, the black cotton soil contains a very h^h 
clay fraction and is therefore the least porous, whereas the sandy soil of Tri- 
vandrum is free of clay and is therefore the most porous of the soils examined. 
It appears, therefore, that the exact depth of soil involved in the diurnal ex- 
change of moisture increases with the porosity of the soil. 

* From the tables it will be noticed that there is a slight tsndenoy for the 
difference between the maximum and the minimum weights of the soils to rtrnrnaso 
with depth below the depth of maximum difference. This scKKmdary effect was 
noticed systematioaliy in all the expenments and is preeumahly due to beat eonduoted 
to the interior layers of the soil samples through the sides of tbe irnnsrls This 

secondary effect will be examined in detail during the next clear season. 
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Summary and conclusions 

On clear days there is an exchange of moisture between ‘ surface layer ’ 
of soil containing hygroscopic moisture only and the air layers near the ground. 
The amplitude of the diurnal exchange of moisture is maximum in the black 
cotton soil of Poona and minimum in the sandy soil of Trivandrum. 

The depth to which this moisture exchange extends is different in diffe- 
rent soils being smallest in the black cotton soil of Poona and greatest n the 
sandy soil of Trivandrum, the red soil of Bangalore and the alluvial soil 
of Lyallpur having intermediate values. 

Experiments with the different components of the soil obtained by me- 
chanical analysis will be undertaken during the next clear season. 

My best thanks are due to Dr. L. A. Ramdas, Agr cultural Meteorologist, 
for suggesting the problem and for guidance during the course of the work. 
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CONVERSION OF CANE MOLASSES INTO MANURE BY 
THE BIOLOGK'AL METHOD AND THE RESULTS OF 
THE CROPPING TESTS WITH THE MANURES 
PREPARED (1938-39) 

BY 

H. D. SEN, M.Sc., Ph.D.(Lond.), D.I.C. 

Biochemist, Imperial Institute of Sugcir Technology, India, Cawnpore 
(Reccive<i for publication on 10 August 1939) 

T he application of molasses to soil for use as manure has been a subject of 
research for a fairly long time and the uncertainty in the results so far 
obtained by different workers may be ascribed to the fact that molasses on 
fermentation in the soil lead to the production of acids, which retard the plant 
growth. In cases of application of molasses in soil in comparatively small 
doses, where the alkalinity of the soil is sufficient to cope with the acid pro- 
duced as a result of fermentation, deleterious effect is not so very evident, 
but when molasses is applied in heavy doses the depressant action is very 
significant. 

Gainy [1923], working on the influence of hydrogen-ion concentration on 
the growth and fixation of nitrogen by cultures of azotobaeter, finds pH 
5-9 to 6*0 as the limiting pH below' which no fixation of nitrogen can take 
place. Hoil having ac idity l)elovv 6 0 show^ed complete absenc'c of azotobacter. 
If, however, calcium carbonate is added to reduce the acidity, such soil was 
found to favour the grow th of azotobacter. Addition of more acids leads U} 
its complete disappearance. 

Hence it is very likely tlmt when molasses is applied directly into the soil, 
particularly in heavy doses, there will be nitrogen loss instead of nitrogen 
fixation due to greater acid accumulation. 

Paramanik, Hao and l^al [19371, w orking on cane yield, observed the l>cne- 
ficial effect of using molasses along with ammonium sulphate, particularly 
in alkaline soils. This leads one to conclude that whereas there is nitrogen 
loss when heavy dosc' of carbohydrate material is applied, this is jmrtially 
avoided when the carbohydrate is ajipUcd in c*on junction with a certain propor- 
tion of nitrogenous material, i.c. there is a carbon-nitrogen (C ; N) ratio. 

The mechanism of reaction taking pla<‘e in the mn\ on direct application 
of molasses seems, therefon*, to be very compIicaU?d, w hich is rendered raoie 
unsurmountable by the varied soil flora present - the reactions taking place 
leading to uncertain results — sometimes nitrogen fixation and in other eases 
nitrogen loss. 

One would naturally ixmder w^hether molasses has a (K>tential value as 
manure or its biological products — yeast, salts of organic acids and nitrogenous 
decomposition products. 

Viswanath and Suranarayana [1932], working with Haliantkm annus of 
the giant yellow variety got striking results by directly injecting aqueous 
extracts of dried yeast, farmyard manure and sewage effluent, 

( 172 ) 
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Narayana [1932] pointed out that extracts of fermented farmyard manure 
are more eflFective in stimulating plant growth than fresh farmyard manure. 

Desai and Fazal-ud-Din [1938] have carried out experiments in which the 
presence of yeast has led to the thriving of symbiotic soil flora, such as 
CoUtrydium acetobutylicum, in soil. These do not thrive on carbohydrate 
materials as such, but become active in presence of yeast. 

Bhaskaran and Subramanyan [1937] showed that, whereas organic acids 
have definite deleterious efiect, their calcium salts led to greater nitrogen 
fixation. 

Tinkler [1937] stated that apex of rootlets produce substances capable 
of regulating the growth and that these substances could be transferred to 
other seedlings. A wide search for a ready source of these compounds re- 
vealed that they arc ctmtained in small quantities of urine. 

Kogl [1937] established tiic constitution of the active substance to be of 
the class of indolyl acetic, propionic, butjrric acids, etc. and their esters. 
Skatole which is p methyl indole has been proved to be active and so are 
a and f napthelene acetic acids. 

The fermented molasses solution contains yeast, calcium salts of acetic, 
propionic, butyric acids, etc. and also nitrogen decomposition products, such 
as indole, acetic, butjTic, projjionic acids and their esters and also skatole and 
as such are likely to, be more beneficial to plant growth than molasses itself. 

The main difficulty in the use of molasses diret^tly in the soil lies in the 
fact that it is to be appluKl in a diluted form and a large bulk of water Ls 
necessary for the purpose. The application of such diluted solution in the 
field invariably spreads an unbearable smell all along the water channel 
leading such polluted water, and particularly in cases where there is an 
accumulation of dilute molasses solution in pits. 

The complex bacterial pojmlatiun of the soil and the uncertain results 
that might hapiien if molasses is directly applied and the problem of conversion 
of large quantities of molasses into manure in a comparatively short time led 
the author to devise a simple method, the details of which will be discussed 
in the present paper. 

The working of the process depends on the increased production of yeast 
cell body by carrying on fermentation at the neutral point under conditions 
of heavy aeration the acidity being intermittently neutralized with milk of 
Ume. The course of fermentation under the above circumstances is diverted 
not to the production of alcohol and carbon dioxide but to the theoretical 
preliminary formation of aldol and subsequent formation of products like 
glycerol which is further taken up by the yeast cells to increase their body. 
Thus increased yield of yeast is obtained with simultaneous production of 
calcium salts of organic acids. 

The prevention of loss of nitrogen by administering molasses along with 
ammonium sulphate or the existence of carbon-nitrogen ratio may be explained 
by the theory that as a result of fermentation of sugars present in molasses 
yeast is initially formed, which is produced in increased yield due to the applica- 
tion along with it of small (juantitiee of ammonium sulphate or phosphate, 
Mting M pptnfnit. 
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That aeration with neutralization of the acidity so as to maintain a pH 
of 7-0 during fermentation gives increased yield of yeast has been confirmed 
by a study of the yeast yield where instead of milk of lime sodium carbonate 
solution was added to neutralize the acidity. Tlie addition of 1-5 per cent of 
ammonium sulphate gave definite increased yeast yields (about three times 
the control) while addition of ammonium phosphate gave the highest yield 
(about six times). Thus it seems that there is not only carbon-nitrogen ratio 
but carbon-nitrogen-phosphorus ratio. 

Although the duration of aeration in the preliminary experiments was 
eight hours every day for three days, i.e. 24 hours, an aeration for a period of 
72 hours, i.e. continued aeration for three days was found to be most beneficial. 

Process of nmnuf a during manure from molasses 

The process of manufacturing manure from molasses consists in construct- 
ing three masonry tanks 10-ft.> /l0-ft.x8-ft. (4,984 gallons) having pipe lines 
from an air blower, the main pipe line being 2-in. in diameter, connected to 
three parallel 1-in. pipe lines in the middle of each tank. The central 1-in. 
pipe line in each tank has three i-in. pipe lines running at right angles to it and 
bending downwards to 1-ft. from the base so as not to disturb the sludge 
collected at the bottom. Each tank is provided with a centrifugal pump for 
the transference of the fermented liquor to the next tank. 

Seventy -five maunds of molasses (88 brix) is diluted with 3,000 gallons of 
water (13 brix) in the first tank to w hich 75 maunds of filter press mud is 
thoroughly ncorporated. Sixty gallons of active w ash made three days earlier 
by adding to a solution of 1 md. of molasses in 60 gallons of water in a 
wooden cask of that capacity to w hich 12 gallons (l/5th) of active wash (prepar- 
ed from pure yeast, S. Ellipsoidus, in the Laborator}^) is added. This is propa- 
gated in six casks containing 360 gallons of active wash. One-fifth is left in the 
fermenting casks. Tw o hundred and forty gallons (5 maunds molasses) is added 
to the wash prepared above. Half a maund of ammonium jJiosphate (Nicifos 
of Imperial Chemical Industries containing 17 per cent nitrogen and 17 per cent 
phosphorus is added to the wash and aeration started with intermittent addi- 
tion of lime (12 Be) every four hours. At the end of 24 hours’ aeration the 
fermented liquor is transferred to the second tank leaving the sludge, a second 
dose of I md. ammonium phosphate added and aeration started wdth intermit- 
tent addition of lime every four hours. In the meantime the first tank is 
charged with fresh 75 mds. of molasses and 75 mds. of filter press cake and 
3,000 gallons of water. Tw o hundred and forty gallons of active wash is further 
added with I md. ammonium phosphate and aeration started in the first tank 
for 24 hours. On the third day the wash from the second tank is transferred to 
the third tank and the wash from the 1st tank transferred to the second. 

A fresh charge of 75 mds. of molasses and 75 mds. of filter press cake in 
3,000 gallons of water and 240 gallons of active wash (5 mds. molasses) is made 
on the third day in the first tank and ^ md. ammonium phosphate added. 
The first charge of liquor which has now reached the third tank and completed 
three days’ continued aeration is run into the fields having also considerable 
manurial value. The second charge of fermented wash is transferred to the 
third tank and ^ md, ammonium phosphate added and aerated for 24 hours. 
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On the fourth and fifth days no fresh charge of molasses is made but there 
is transference of the third charge into the second and third tanks. 

On the sixth day the sludge collected in all the three tanks is transferred 
to shallow cemented masonry beds for sun-drying and manure eventually 
packed in bags and sent to the cane fields. The fermented liquor, which is 
quite harmless after treatment, is sent through water channels to the cane 
fields. At the end of a week thus 240 mds. of molasses and an equal quantity 
of filter press mud will receive treatment yielding about 40 per cent manure on 
the total weight, i.e. 172 mds. besides 9,000 gallons of fermented liquor having 


high manurial value. 

Expenses — Rs. As. 

Cost of exhaust molasses 240 mds. @ 4 auiuis per md. . . 60 0 

Filter prc'ss cake @ 6 pies per md. . . . . . 7 8 

Nicifos @ 6/- per md , 4i mds. containing 17 per cent N and 

17 per cent P ....... 27 0 

Lime 40 mds. @ 8 annas per md. . . . . 20 0 

Klectricity @1 atuia per unit 24 KVV II. . . . . 18 

Labour, 2 coolies 5 annas ]>er day for six da>s . . . 3 12 


Total Rs. 119 12 

Cost of 170 mds. of manure (X. 10 per cent) 119-12 =lis. 120. 

Cost per md. of manure 11/3^12 aniia.s only. 

Experiment An 

8en and Dutta [1937J and Sen [1938] have studied the nitrogen distribution 
in the sludge and the fermented liquor where 50 mds. of molasses was diluted 
with 6,000 gallons of water under conditions wliere acids were allowed to 
accumulate as compared with tliose where tlie acids were neutralized with 
milk of lime (12 Be) using a mixed bacilli obtained by self-fermentation of 
molasses consisting of B. coli, yeast, acetic, and lactic bacteria. In case of 
acid fermentation the superiiatent fermented liquor was taken to an adjoining 
tank and neutralized with lime. The sludge separated in both tanks were 
collected, sun-dried, weighed and analysed. The data obtained are shown in 
tables l(a)-(c). 

Table I (a) 


Description 

Weight 

taken 

t Dry matter 
< ])or cent 

Total N 
per cent 

Total N in 
dry substance 
in lb. 

i 

Original molasses j 

j 

50 mds. 

73 S 

0*514 

) 15*64 

1. Manure V)y acid fermenta- | 

10—10 


1*084 

13*17 

tion ; 




J 

2. Manure from chemical j 

21—00 

100 0 

0 0043 

0*07 

treatment tank 





3. Exit Water . . ! 

6,000 gall. 

1 

2*6 parts 

1*56 

1 



per lOO.OOO 

— 

1 

1 



parts 

14*80 
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Table I (6) 


Description 

* Weight 
taken 

i 

i 

) 

I Dry matter 
! per cent 

Total N 
per cent 

Total N in 
dry subs- 
tance in lb. 

Original molasses 

50 mds. 

73*8 

0*614 

15*64 

1 , 1 

1 . 



!• Manure obtained by acid 
fermentation 

1 1 1 mds. 

! 

j 100*0 

j 1*54 

13*94 

2. Manure obtained from che- 
mical treatment tank 

1 

1 18 mds., 

i 8 srs. 

( 

100*0 

0*14 

2*06 

3. Exit water 

1 6,000 galls. 

1 


2*5 parts 
j in 100,000 

1 parts 

1*60 

17*50 

Tabub 1 (c) 

Fermentation vAth intermittent neutralization 

tviih milk of lime 

Original molasses 

60 mds. 

73*8 

0*514 1 

15*64 

1. Manure by intermittent ad- 
dition of lime with heavy 
aeration 

24 mds., ' 

20 srs, i 

1 

1000 

1 

1*23 1 

24*0 

2 Exit water 

6,000 galls. 

" 1 

1 

8*24 parts 
in 100,000 ; 
parts 

4*9 

28*94 


The above figures indicate that, in cases where fermentation is carried 
out without aeration, organic acids are allowed to accumulate and the wash 
is saturated with carbon dioxide gas, only 84* 0-89 •! per cent of the total 
nitrogen present in the original molasses is fixed in the sludge, 10*4 per cent re- 
main in the fermented hquor and the rest is lost ; while in cases of interm.ttent 
neutralization with heavy aeration there is distinct evidence of nitrogen fiixa- 
tion, the total increase in the sludge and the fermented liquor being 186 per 
cent. i.e. near'y double the original nitrogen content. 

Effect of using pure yeast instead of mixed bacteria 
In the later experiments it was found that the nitrogen content of the 
sludge increased definitely by using a pure culture of yeast instead of a mixed 
bacteria. The percentage of nitrogen in the sludge increased where there was 
preponderance of yeast cells. Whereas by using mixed bacteria with inter- 
mittent addition of lime a sludge containing O' 92 per cent nitrogen was ob- 
tained, pure yeast gave a sludge with a nitrogen content of 1 * 84 while a sludge 
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with a nitarogen content of 2* 1 per cent was obtained when equal mixtures of 
molasses and filter press cake were fermented with lime addition. The waxes, 
gums and organic matters present in the filter press cake gave comparatively 
more nularient for the growth of the yeast body. 

The nitrogen balance in molasses and manme obtained from a mixture 
of molasses and press cake using pure yeast are given in table 11. 


Table II 

Fermentation of a mixture of molaases and filter press cake with aeration and 
intermittent addition of lime using pure yeast 


Description 

Weight 

taken 

(mds.) 

Dry 

matter 

per 

cent 

Dry 

matter 

(md.) 

Nitrogen 
per cent oi 
dry matte* 

1 

! Total N in 

1 dry subs- 
j tance in mds. 

1 

I 

Moiasses .... 

50 

82*0 

41 

0*27 
(on wet 
molsLSses) 

i 

! 

01107 

Press mud .... 

50 

300 

15 

1 

0-9 

0*0014 

, 01121 

j 

i. Manure with intermittent 
lime addition and aeration 

1 

63 

33 0 

17 0 

1 *4(5 

0*25 

! 

2. Exit water 

«,000 



9 • 9 parte 
in 100,000 I 
parte i 

0*072 

0-322 




There is thus evidence of still greater nitrogen fixation when molasses is 
used in conjunction with filter press cake using pure yeast. 


Yield of yeast when fermentation is carried out at the neutral point with aeration 

To ascertain whether by carrying out the fermentation at the neutral point, 
there is increase in the yeast yield a series of experiments were undertaken 
by Sen and Dutta [1938]. In these experiments milk of lime was replaced 
by a solution of sodium carbonate so that the results may not be vitiated by the 
presence of calcium salts. The yeast obtained was separated by centrifuging 
and wet yields (moisture 60 per cent) were determined after washing the yeast 
sediment twice with distilled water to remove the sodium salts. The data 
obtained are given in table III. 
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The results indicate that ; 

1. The yield of yeast is least when the fermentation is carried out without 
aeration or intermittent neutralization of sodium carbonate. 

2. The yield of yeast increases about U times under aeration and inter- 
mittent neutralization with sodium carbonate during 72 hours. 

3. The increase in the yeast production is not so much when neutralization 
is carried out with sodium sulphite although it is docifledl y greater ])y at least 
one third the yield obtained without aeration or neutralization. 

4. The use of ammonium sulphate 1-5 per cent on molasses augments the 
yield to about three times that obtained without aeration or neutralization. 

5. The use of ammonium phosphate as neutrient in the proportion of 
1-6 per cent molasses increases the yield to about six times that obtained with- 
out aeration or neutralization. 

6. The yield of yeast increases with increasing dilution of molasses solution. 
Molasses solution fermented as 1*017 gave yeast yield two to three times as 
great as that obtained at 1*052. Molasses solution fermented at 1*034 gave 
yield twice as great. 

The preliminary exj^eriments show that yeast yield is definitely increased 
when fennentation is carried out at the neutral point with aeration and that 
ammonium phosphate and ammonium sulj)hate (1-5 j)er cent) augment it 
considerably (six to three times), the former having more marked result. 

On the basis of the above exj)eriments manures have been prepared from 
molasses under the following conditions : — 

1. Molaijses fermented witli intermittent addition of lime at the interval 
of four hours with continuous aeration during 72 hours. 

2, Molasses and filter press cake mixed in equal proportions fermented 
with intermittent addition of lime at the interval of every four liours with 
continuous aeration during 72 hours. 

A portion of the fermented liquor after se}>aration of the sludge was con- 
centrated in each case. Samjdes of t he sludge and fermented wasli concentrates 
have heen set apart for c'onqdete analysis of organic and inorganic constituents. 
The analyses are in progress. 

A qualitative micro lest of the samjdes will reveal whether besides yeast 
there are present caU*ium salts of acetic, ])ropionie, butyric acids and also indol 
and skatole, acetic, pro{)ionic‘, butyric acids or their esters which are active 
plant liarmones. 

An investigation is also in progress to determine how the course of fermenta- 
tion is diverted under conditions of heavy aeration and constant neutralization 
of the acidity with alkali salts. It is presumed that under the above conditions 
the course of fermentation is diverted leading to less production of alcohol 
and more of yeast cell body. 

Cropping experiments with the manures prepared from molasses 

1938-39 EXPERIMENTS 

Mr. P. B. Richards, I. A. S., Director of Agriculture, United Provinces, 
took a great interest in the newdv prepared manure and allotted a piece of 
land, about three acres at the Kalyanpur farm, United Provinces. The plot 
selected had not received any manurial treatment. 
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Th8re were nine treatments with six replications 40 ft* X 31-6 ft. and each 
plot split into three sub -plots having three varieties of cane— Co 313, Co 312 
and Co 331 — early, medium and late varieties. The manures were applied 
in randomised blocks distributed according to the schemes shown below. 

The distance between two sub-plots was 7 ft. longitudinally and 6 ft. on the 
broad side. Two rows of cane between varietal treatment in each sub-plot 
were left out during harvesting, while two rows in between two sub-plots 
received no manurial treatment . The area of each sub-plot was l/30th of an 
acre which was sub-divided into three smaller plots having different cane 
variety, and measuring l/90th of an acre. 

Particulars 

Date of sowing ... ... 2nd March 1938 

Previous irrigation to sowing ..... 20th February 1938 

After sowing, irrigation on 6th March 1938 

3rd April 1938 
29th April 1938 
22nd May 1938 

Area of plots. — Length 46 ft. x breadth 31-6 ft. 

Rows in each. — 9. Three rows of each variety in treatment. 

Treatment A. — Molasses fermented with lime to give 60 lb. nitrogen per 
acre. 

Treatment B . — ^Molasses fermented with ’ime to give 120 lb. nitrogen 
per acre. 

Treatment C . — Molasses pto filter press cake fermented with lime, 60 lb. 
nitrogen per acre. 

Treatment D . — ^Molasses plus filter press cake fermented with lime, 120 lb. 
nitrogen per care. 

Treatment E . — ^Molasses (direct application) to supply 60 lb. nitrogen 
per acre. 

Treatment F . — ^Molasses (direct appbcation) to supply 120 lb. nitrogen 
per acre. 

Treatment G. — Castor cake to supply 60 Ib. nitrogen per acre. 

Treatment H. — Castor cake to supfdy 120 lb. nitrogen per acre. 

Treatment I. — Control, 
a — Co 313, early-ripening variety, 
b — Co 312, medium-ripening variety, 
c — Go 331, late-ripening variety. 

The plots being l/30th acre, molasses (0*26 per cent nitrogen) was added 
at 10 mds. and 20 mds. respectively to supply 60 and 120 lb. nitrogen. The 
prepared manures (calculated taking nitrogen content at 1*0 per cent) were 
added in the proportion of 2*5 and 6 mds. respectively to supply 60 and 120 
lb. nitrogen per acre. Castor cake (4 per cent nitrogen) was supplied at 0*76 
and 1 • 25 mds. respectively. 

The pH of the Kalyanpur soil, as determined by the electrolytic method 
was found to be 7*3 while Hillige's comparator gave 7-3. The soil may, 
therefore, be talrep as almost neutral soil with slight leaning towards alkalinity! 
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Preliminary observations 


Rate of growth 

Systematic measurements of the seedlings were made in tne months of 
June and July 1938 to study the comparative response to different manures. 
Six seedlings from each sub-plot were carefiilly measured and the mean height 
for six replications was recorded. In each case the measurement (in feet) 
was made froni the root to the top of the stalk. 


Table IV 

Measurement of seedlings in feet 




Co 313 


Oo 312 


Co 8S1 

Treat Tiients 

Ma> 

Jiiiir 

J Illy 

.hint* 

July 

Jonp 

July 

A 

10 03 

16 0 

52*4 

18 6 

57*3 

14*07 

53*2 

B 

10-62 


. . 





C 

13-5 

15*5 

51 4 

18-7 

66 -c 

14 8 

52-9 

I) 

12 87 

Itt 7 

51 • 4 

17*9 

57*0 

14*6 

[ 53-3 

E 

11*91 

15-9 

51 0 

16-9 

56*6 

14*7 

52*5 

V 

11 G2 

12 6 

48-6 

13 4 

51 0 

12-4 

1 51*6 

1 

G 

11*63 

15*4 

53 5 

18 1 

57 h 

15 3 

52 3 

H 

15 91 

16 4 

57 3 

21 9 

64 5 

16-5 

1 

52-3 

1 


13 7 

50*7 

16-4 

55 0 

! 

13 7 i 

50 8 

On 

studying the rate of growth of 

cane seedlings it may be notified that 


direct aj)plication of molasses has a definite retarding effect, esj,)ecially in 
treatment F when molasses is apf)Iied at tlic rate of 120 ll>. nitrogen {)er acre 
although the retarding effect is not so evident in treatment E when mohrsses 
is used in small doses that is 60 lb. nitrogen pt*r acre. The rate of growth 
is much less than even the control jJot. Alanures A, E, (' and I) prepared by 
the biological method from molasses and also from mixtures of molasses and 
filter press cake show no retarding effect. On the contrary it had definite bene- 
ficial effect even when applied in as high dose as I2(* lb. nitrogen |)er acre. 


Rate, of germination 

The observations made by th(“ Huperintendent, Kalyanpur Farm on the 
rate of germination are ; — 


TreatTiientf; 


A li ( 


J» K K 0 


H 1 


percoiitaK<‘ of pt^rminatiou . flood (lootl Fair 


nuMi 


' . ( > 

Fill! Bod Good ; G<v>d Fair 
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Suaceptibility to disease 

The observations made by the Superintendent, Kalyanpur Farm are given 
in Table V. 


Tabcb V 


Treatment 

Co 3i:i 

1 

Co 312 

I Co 331 

i 

A molasses manure 0(1 Iti. 
^ l>er acre 

Fair growth, liettcr than 
control, tillering good 

! Fair growth, iiiUmodes 

1 «»hoTter 

Stunted canes, fair tillering, 
more leafy growth 

B aiolasses manure 120 lb. 
X per acre 

(Irowtli very good, tillering 
same as caetor cake 

1 Very long cane*-, less leafy 

1 growth, average tillering 

White ant attack marked 
throughout, Jodging at 

placf*>j, canes long 

inolaHHes -f filter preitR 
( ake, 60 lb. N per acre 

Growth poorer, mosaic in- 
fection at pJaceR, tillering 
average 

Tillering l»ett< r 

, Mosaic attack, tillering 
a% erage 

1) molasHeb f filler pro^w 
cake, 120 lb K 
acre 

(^anejri thick, de\elopnieiit 
fair, haf ind heahh> 

l/odging, M ry long canes, 
tllh ring \» ry good 

Leafy growth, siiorter canes, 
lodging, tillering fair 

K inolasHett, direct appli- 
cation, 6t» lb. N r<T 
acre 

GruMtii iMxtr, l**av<-4i pah 
and hieklv, tillering a\er- j 
age sim liar to r<»utrol 

Crowth iH>or, root '.ysteni 

I \seaK tillering r'rH»r 

'l»*riaite attack vigorou^^ 

K molasses, direct appli- 
cation, 120 Jb N pel 
acre 

Whitt* ant attack, devt - 
lopmeut l>«d 1 

White unt attack. lodKing 
i liirouglioiU 

hea\eis Paler at top.s, show* 
lack oi nutrition, lodging 

tf caNtor cak«‘. 60 lb. N 
T»er arrt* 

Gootl leafy grt»>^th. tillering 
lair, no I.Mlging 

j Fair and hvs leaf\ growth 

tane*- fairly long 

H cant ftr cake. I2U M* N 
P<r atT« 

Well dettlopttl goxMl j 

grovKh.tillert!iga\<rage 

1 liest growtl) lodging nt 

1 plax'c*. 

[ 

Very good gnmth. lodging 
at placfv 

1 cont rorl 

Poor grtot tli ^tndtiii* ling 1 

1 Ciuwth and tiiienng jHH>r 

rilleriiig poor, ton borer 
attack 


The data obtained eontirm the observation that treat inents E and F 
(direct molasses application) gave jxwrer growth, sickU' leaves, white ant and 
termite attack. The growth with prepared manures (A, B, (’. D) is generally 
gootl although with Co 331 there iias been evidence of white ant and mosaic 
attack. Each variety Co 313, Co 312, and ('o 331 — early, medium and late 
varieties - was tested for maturity by the study of the top-middle-bottom brix 
and purity ratio of the juice. When the rij>eniug tests were satfstied each 
cane variety was analysed for total sucro.se m cane and the average of six 
replications was taken into account for (.alcidation. The harvesting was 
undertaken soon after the analysis and tl»e average of six replications 
determined. Co 313 was harvested on 2(5th January lh39, Co 312 on 
21st February 1939 and Co 331 on 1st March 1939. 

Calculations were matle for each cane variety on tlie basis of the total 
sucrose in cane and cane yield obtained as average of six reidications of cane 
yield per acre, sucrose j)er acre, excess of cane 3 ’ield j)er acre over control, 
excess of cane yield per acre over F (molasses, direct appheation in heavy doses 
@ 120 lb. nitrogen per acre), excess sugar yield per acre over control, and excess 
of sugar yield per acre over F. 
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Table VI 

Co 313— EARLY RIPENING VARIETY. 


PercetUage of total sucrose in cane obtained under different manurial treatments : 
Go 313 : tests carried out after verification of the maturity by the top- 
bottom-brix ratio and also top-bottom-purity nttio by Java method 


Treatments 

1 

’ Block 1 j 

1 

t 

Block 2 

Block 3 

Block 4 

Blocks 

Block e 

Average 

Increase or 
decrease 
over control 

A 

. r 

14-48 ; 

14-21 

14-14 

14-15 

13-4 

14-67 

14*13 

-fl-14 

B 

14-30 1 

14-50 

13-82 

15-07 

12-78 

12-61 

18-83 

+0-88 

C 

13-91 , 

14-74 

14-76 

12-84 

12-72 

18*86 

13*80 

-fO-81 

D 

13-21 ; 

13-47 ' 

13-08 

11-26 , 

13-11 

12-90 

12-98 

— 0-01 

B 

13*30 

13-34 , 

14-29 : 

11-63 

13-28 

12-62 

18-07 

4-0-08 

F 

13*93 1 

13-44 

13-30 j 

11-78 

11-48 

14-04 

12-98 

— O-Ol 

0 

14-36 

13-62 

14-10 ! 

9-80 

13-76 

14 39 

18*82 

4-0-88 

H 

12*28 

13-78 

12-88 

13-46 , 

13-89 

14-10 

18-89 

4-0-40 

I 

13-22 

11-88 

13-61 j 

14-98 j 

11-70 

12*70 

12-99 

aa« 


The percentage of total sucrose in cane, taking the average of six replica- 
tions, varies from 12- 98 to 14- 13, i.e. by 1 • 13 per cent only. It may, therefore, 
be said that on maturity, the percentage of total sucrose in cane tends to a 
maximum constant figure irrespective of manurial treatments. The four 
treatments with molasses manure A, B and C, however, show slight increase. 
With D it is the same as control. Molasses (direct application) in light and 
heavy doses E and F have given the same total sucrose as the control. The 
inczease in case of castor cake treated plots G and H, though higher than the 
control is nearly half the increase obtained in the case of concentrated manures. 

Table VII 

Tidd of cane per plot 1 190th acre. Go 313 (Harvested on 26th January 1939) 


Treatment 

Block 1 

. 

Block 2 

; 

Block 3 i 

Blr^ck 4 

; Block 5 

i 

1 

Block 6 

Average 


Mds. 

1 

Mds. 

Md«. 

MdB. 

! 

j Md». 

Mda. 

Mda. 

A 

8—81 

7—29 

8—33 

8—11 

6—31 

8—2 

8—2 

B 

7— S3 

8—6 

8—10 

8—4 

8—0 

7—1 

7—86 

C 

7—16 

6—11 

7—2 

7—36 

8— 17 

6—2 

7—20 

D 

7—2 

7—8 

6—37 

8—17 

7—33 

' 7—27 

7—20 

£ 

6-35 

8—11 ' 

9—24 

9—16 

f>— 17 

8— *59 

8—28 

F 

1 

4—18 

1—25 

3 — 8 

6—15 

6—18 

7— *7 

J 6—15 

« I 

8—10 

0—16 , 

6—28 

8—34 

7—34 

1 8-8 

j 7—17 

H 

8— li 

7—32 j 

7—17 ; 

9—19 

^18 

j 8—16 

! 8— u 

1 

6—14 

i 6—12 I 

7— so j 

6—18 

7—34 

j 7—0 

! 6—15 
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The cane yield in l/90th acre plots shows a definite depressant effect in plot 
F treated with heavy dose of molasses (1 md. 20 srs.). The concentrated ma- 
nures A, B, C, D show uniformly an increase over the control plot (4-1 md. 
26 srs., 4-1 md., 4-25 srs., -4- 26 srs.). The deleterious effect is not observed iii 
plot E, treated with light dose of molasses ( 4- 1 md. to 33 srs.). The cane yield 
in case of castor cake is nearly the same as the concentrated manures. 

Table VIII 


Calculations on the cam yield and total sucrose per acre — Co 313 


Treat me 11 1*! 

i 

i 

! 

f'aiieR 

1 yield In 

1 

acre ; 

raiiea 
yield per > 
a« re 

1 

Per cent 
Miertrae 

SurrrtHe 
l>er aere 

Exeenj* 
yield pf‘r 
aere 

o\er 

eontro! 

FIxeess 
cane 
vIeJd per 
acre o\ (t 

F 

Excess 
8UKar 
yield per 
acre 
oter 
control 

Excess 

fiHRar 

yield per 
acre over 

F 


Md**. 

Md6. 


Md8. 

MdH 

MdK 

Mds 

Mds. 

A 

8--2 

724*5 

14 13 

102 47 

M3() •< 

1 t 241 5 

i 22*50 

-t 30 HS 

n 

7—35 

707 75 

13 «3 

OH 02 

-t 03 55 

-4 214 75 

I IH 14 

- 35*43 

V 

7 * 20 

675 0 

13 

03 15 

4 61 30 

-f 102 0 

13 57 

4 30-86 

i> 

. 7—20 

675 0 

12 

H7 61 

- 61 30 

-( 102 0 

- 7*73 

-t 25 02 

E 

H 2M 

7M3 0 

13 07 ! 

103 33 

* 160 3 

i 3(X) 0 

4 23 45 

'1 40 76 

F 

5- 15 ; 

4«3 0 

12 

62 50 

--no 7 

1 • 1 

—17 20 


a 

7' 27 

61X1 75 

n 32 

02 00 

- 77 0 

1 207 75 

_ •><> j‘> 

-20 41 

II 

S--14 i 

751 5 

13 30 

UMI ,57 

1 13h 0 

-♦ 26*^ 5 j 

- 20 60 

-37 08 

1 

«- 35 j 

613*72 

12 00 

70 H** 


‘ 1.30 7 ' 


4 17 98 


Thus the concentrated manures A, B, (' and D liave given an increase 
in the cane yields per acre by nearly KK) inds. as ct)nipared with the control 
(4-lll'0, 4 94’0. -I (>l-3 and 4-01-3 nid.s.) and 200 nids. as compared with 
molasses in heavy doses (4 2(51 -5, -? 227, 4-182 and 4 182 mds.). Molasses 
(direct application) in small doses does not show any deleterious effect ( -170 
mds. more than control, -J 300 mds. more than F). Molasses in liea\'y doses 
show definite depres.sant effect (—IK* mds. less than the control). Castor 
cake behaves similarly to the concentrated manures (--87, -f 148 mds. res- 
pectively as compared with control and 4207 and 42(58 mds. respectively 
as compared with F). 

The increase in the total sucrose yield per acre with concentrated manures 
comes to about 20 mds. { 4 22 • 59, 418-14, 4 1 3 - 57 and -p 78 - 73) as comj^d 
with the control while molasses, direct application in heavy do,ses (F), give a 
deficit of 17*29 mds. The deleterious effect of molasses is not evident when 
applied in light doses (E) the increase in yield of sugar i>er acre being 23-45 
m^. Castor cake gave 22-12 ainl 20*69 mds. increase respectively over the 
control. Comparing with F (molasses in heavy doses) there is. increase in 
yield in cases of A, B, C, D treatments { 4 39 • 88, ‘4 35 - 43, 4 30 - 86 and 4 26 * 82 
mds. respectively) and so with castor cake (429-41, 37-98 rads.). Even the 
control shbws an increase by 17*98 mds. 
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Table IX 

Co 312 — MEDIUM-RIPENING VARIETY 
Percentage of total sucrose in cane obtained under different manurial treatments 
Tests carried out after verification of the maturity 


Treatments 

Block 1 

Block 2 1 

Block 3 

Block 4 

Block 5 

Block 6 

1 Average 

A 

9-0 

12-70 

12-99 

11-9 

13-94 

12-79 

12-22 

B 

11-72 

7-00 

18-41 

12-19 

10-69 

11-52 

11-09 

0 

1210 

10-12 

12-84 

12-80 

13-79 

11-99 

12-27 

D 

12-81 

10-75 

13-40 

13-06 

13-66 

9-61 

12-21 

E 

12-49 

11-65 

12-84 

12-98 

12-92 

1 

12-26 

12-52 

F 

12-44 

12-55 

12-62 

12-35 

11-89 

12-15 

12-31 

0 

10-19 

13-55 

13-49 

11-91 

7-46 

13-14 

1 

11-62 

I 

H 

11-92 1 

11-77 

7*10 

10-88 

9-24 

12-73 

10-56 

1 

9-31 j 

13-07 

13-08 

13-69 

12*79 

12-90 

1 12-47 


Taking the cane variety Co 312 the total sucrose in cane is found to be 
more or less the same as control and is not affected by various manurial treat- 
ments. In Co 313 some differences, though very slight, was discernable. The 
castor cake treated plots, however, show a definite lowering due to more leafy 
growth. 

Table X 

Harvesting of Co 312 (IjOO acre) 


Treatmenta 

Block 1 

Block 2 

1 Block 3 

Block 4 

1 Blo(;k 5 

1 Block 6 

AveraRc 


Mds. Srs. 

Mds. Srs. 

- 1 

Mds. Srs. j 

Mds. Srs. 

Mds. Srs. 

Mds Srs. 

Mds. Srs. 

A 

11—26 

11—3 

12—15 1 

11—37 

12—32 

10—1 

11—26 

B 

10—37 

12—0 

12—1 i 

11—18 

12—17 

12—30 

11—37 

C 

10—18 

10—8 

10—21 

16—11 

11—11 

10—27 

11—23 

D 

9—3 

10—12 

10—30 1 

10—25 

13—15 

11—15 

10—37 

£ 

, 9—6 

10—9 j 

12—17 j 

11—24 

10—24 

11—16 

f 

o 

F 

8—25 

8—0 

9—37 1 

7—20 

7—12 

4—38 

7—28 

G 

1 10—24 

10—11 

13—2 

10—6 

10—10 

13—10 

11—10 

H 

10—10 

6—8 

10—28 ! 

12—8 

10—33 j 

13—12 

10—23 

I 

10—1 

10—9 

10—23 I 

10—10 

10—28 1 

10—22 

10—15 


Taking the average of six replications the cane yields with concentrated 
manures A, B, C and D are definitely greater than the control (-1- 1 md. 11 srs., 
-f 1 md. 22 srs., -fl md. 3 srs. and -f-22 srs.) and greater than the plot F with 
heavy molasses dressing (direct application) (-|-3 mds. 38 srs., -f 4 mds. 9 srs., 
-f 3 mds. 36 srs. and -i-2 mds. 9 srs.). Plot F shows a definite depressant 
effect as compared with the control ( — 2 mds. 27 srs.). Castor , cake treated 
plots show lower yields than concentrated manures. 
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Table XI 


Calcvl^xtiona on the cane yidd and total sucrose per acre — Co 312. 


Treatments 

Cane 
yield in 
1/OOth 
acre 

Cane 
yield per 
acre 

Sucrose 
per cent 
cane 

Total 
sucrose 
per acre 

Excess 

cane 

yield over 
control 

Excess 

cane 

yield over 
F 

Excess 
sugar 
yield over 
control 

Excess 
sugar 
yield over 

F 


Mds. 

Mds. 


Mds. 

Mds. 

Mdi. 

Mds. 

Mds. 

A 

11—26 

1048-6 

12-22 

128-16 

+104-76 

+ 355-5 

+ 17-70 

+ 42-83 

B 

ll—a? 

1073 26 

11-09 

118-06 

^ 139-50 

+ 380-25 

+ 6-70 

+ 33-60 

C 

11—23 

1041-26 

12 27 

127-70 

107-50 

+ 348-25 

+ 16-30 

+ 42-40 

1> 

10—37 

983-26 

12-21 

120-05 

-f 49-50 

1 -f 290-0 

4 8-62 

+ 34-76 

K 

10—36 

731-0 

12-52 

111 .52 

I — 200-0 

; +38-0 

4 0-09 

4-26-22 

F 

7—28 

693-0 

12-31 

85-30 

—240-76 

1 

— 26-13 

... 

G 

11—10 

1012-6 

11-62 

117-65 

+ 78-75 

; +319-5 

+ 6-22 

+ 32-36 

H 

10—28 

951-76 

10-66 

100-50 

+ 18-00 

1 

i +258-75 

1 

+ 10*93 

+ 15-20 

I 

10—16 

933-75 

12-47 

111-43 

... 

! +240-75 


! +26-13 


The cane variety Co 312 of all the three varieties taken have responded 
most effectively to the concentrated manures. The depressant action of 
direct application of molasses has been evident not only in the case where 
molasses has been administered in heavy doses (treatment F) but also in the 
case of application in light doses (treatment E). 

Taking the cane yield j)cr acre while concentrated manure A, B, C, D 
treatments show an increase of 144-75, 139-5, 107-5 and 49-5 mds. respective- 
ly, molasses, direct application in light and heavy doses (treatments E and F), 
show a deficit of 200 mds. and 240-75 mds. respectively. It may be noted 
that castor cake in light and heavy doses (treatments G and H ) do not respond 
so well as the concentrated manures ( + 78-75 and +18-0 mds. respectively 
over control). The excess of (^ane yield over F (plot heavily treated with 
molasses) with concentrates manures A, B, C, D are uniformly high ( +385-5, 
+ 380-25, +348*25+290 mds. respectively). The castor cake plots G and 
H show an increase of 319-5 and 258-75 mds. while the control plot shows 
an increase of 240-75 mds. The plot receiving light dose of manure shows 
an increase of 38 maunds over F. 

The increase in sugar yield per acre as compared with control in case of 
A, B, C and D are 17-7, 6-7, 16-3 and 8-62 mds. respectively, while E shows 
no increase (+0-09 mds.) and F indicates a deficit of 26-22 mds. Castor 
cake (G and H) treatments show an increase of 6- 22 and 10-93 mds. respective- 
ly. The excess in sugar yield per acre over F in case of A, B, C and D are 
42-83, 33-60, 42-4 and 32-74 mds., while castor cake (G and H) show an 
increase by 32-35 and 15-2 mds. respectively. Control indicates an increase 
of 26*13 mds. over F. 
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Table XII 

Co 331, LATE-RIPEXING VARIETY 

Percentage of total sucrose in cane obtained under different manurial treatments 
(Tests carried out after verification of the maturity by top-bottom brix and 
purity ratios) 


Treatments 

Block 1 

Block 2 

Block 3 

Block 4 

Block 5 

Block 6 

Average 

A 

1M2 

1114 

11*49 

10-64 

11-74 

11 20 

11-22 

B 

11-36 

9-71 , 

11 39 

11 47 

10 99 

11 31 

11-04 

C 

11-67 

i 

10 29 j 

12- 11 

11-42 

12-16 

12-26 

11-65 

D 

11 44 

10 45 1 

11-90 

11 02 

11 44 

11 -65 

11-32 

i 

E ! 

11-89 

10 76 

1 

11 88 j 

11-09 

11 44 

12 58 

11 61 

F 

11 11 

8 99 j 

11 22 

11 59 

9 66 

11-38 

10*66 

G 

n (X) 

1 

10 73 1 

1 

11-53 

11 40 

11-67 

11-12 

11 24 

H 

11 29 

1 

10 53 

1 

1 

11 38 

11 41 

12 29 

10 78 

11-28 

I ; 

( 

11 10 

1 

1(‘ 35 ! 

i 

11 71 

11 23 

11 01 

12-1 

11-25 


In Co 331, a late-ripening variety, we find as we observed in other cases, 
the total sucrose in cane in all treatments tends to a maximum and is nearly 
the same irrespective of the manurial treatments. F, i.e. the plot receiving 
heavy molasses dressing, however, shows a definite decrease in sucrose content. 

Table XIII 

Yield of cane Co 33 J per plot of I jOOth acre (Harvested on 1st March 1939) 


Treatments 

Block 1 

Block 2 

Bl(M k 3 

BliK-k 4 

Block 5 

Block 6 

Average of 
six replica- 
ilotih 


MUs. Srs. 

Idds. Srs. 

Mds. Srs. 

Mds. Srs. 

Mds. Srs. 

Mds. Srs. 

Mda. Sn. 

A 

9—5 

10—7 

8—20 

9—7 

8—15 

8-2 

8—86 

B 

8—28 

9—30 

10—8 

8—37 

8—31 

9—28 

9—14 

C 

9—7 

8—15 

9—21 

10—5 

8— %8 

9—15 

9~29 

D 

8-37 

8 — 36 

7—36 

7-20 

10—33 

9—1 

8-34 

£ 

9—3 

10—0 

9—10 

11-18 

9—6 

9-30 

9—31 

F 

6—38 

7—27 

7—5 

8— 38 

6—28 

1 

to 

r 

c 

G 


9—1 . 

9—30 

9—26 

9—0 

9—12 

9—11 

H 

7— .30 

10- -10 i 

9—30 

8—26 

0—1 1 

9—26 

9—9 

1 

8—82 

9—30 

1 

8—20 

9—8 

9—2 

9—18 

9—6 
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Table XIV 


Y ield of cane and sucrose per acre and calculation of the excess of cane and sugar 
yields over control and F treatment 


Treatments! 

Yield of j 
cane i 

iJSkh , 

acre 

Yield of 
cane 
per 
acre 

Sucrose 
fKT cent 
cane 

Total 

ttUcroHC 

j>er 

acre 

Exccks 
cane 
yield per 
acre 
over 
control 

Exe^;KH 

CAije 

yield per 
acre 
over 

F 

EXCf*«K 

t<ugar 
yield per 
acre 
over 
wjntrol 

Excess 
hiigai 
yield per 
acre 
over F 


Md«. 

MdM. 


MdA. 

MdN. 

.Mdh. 

Mds. 

MdK 

A 

8-36 

801 0 

11-22 

89-98 

-20-25 

4 146 25 

—2 90 

f‘20 19 

B 

i 

9--14 

1 

841-5 

11*04 

101 51 

f 20 25 

+ 186 75 

f8-09 

+ 31 72 

C 

9-29 

875 25 

11 65 

101 96 

-f .54 00 ; 

j + 220 .50 

4 9-54 

4 32 17 

I> I 

» -34 

796-5 

11 32 

90 16 

25 25 

f 141 -75 

~1 26 

4 20-39 

E i 

9- 31 

879-75 

11 61 

1<»6 5 

-1 58 50 

1 225 !I0 

f 14 08 

4 36 71 

F 

7- 11 

654 • 75 

10 (PS 

69 79 

- 166 50 

! 

-22 63 


U 

9 10 ^ 

832 .7 

11 24 

93 57 

Ml 25 

f 177 75 

- 1 15 

+ 23 78 

U 

9 -9 . 

880 25 

11 28 

99 29 

*- 59 U 

t 225 50 

i 6 87 

+ 29 50 

1 

9-5 ! 

821 2.5 

U 25 

92 42 


* 165 5<J 


+ 22 63 


In the of Co 331, a lat«-ripening variety, the cane yields with con- 
centrat'd manures as compared with the control plots have shown significant 
results w th B and (' tn^atments, the pcTformance in the ciise of A and B 
being negative. The anomaly in the results is due to better (*ane yields in the 
control plot. Castor (‘ake treated plots ((t and H) have given good result and 
so has E having light dre-ssing of molasses. The most outstanding result, as 
has been observed also with other cane varieties, is the depressant action of 
molassc^s in heavy doses, where there is a deficit of ir>h-r> mds. in the cane yield. 

Comparing with treatment F the yield of cane is uniformly high 
with concentrated manures f 180*20. -- 2*20*50 and + 141-75 

res[)ectively). The {)erformance in the case of castor cake treated plots is 
about the same as the piepared manures ( ~f 177 • 15 and 225*5 mds. resj>ective- 
ly). The deleterious eft'ect is not evident in case of light dressing i»f molasses, 
the increase in cane yield over control being (|uite high ( r 225 mds.). Even 
the cane yield in the control plot is greater than F by 105*5 mds. 

The sugar yields arc^ syiK'hronous with the cane yields sinc^e the perc*entage 
of total sucrose is more or less the s^ime irresj>ective of the manurial treat- 
ment. 

Cane variety may be one of the factors determining t he res{K)nse to differ- 
ent manures, it may be said that whereas Co 313 and Co 312 respond quickly 
to the concentrated manures, it does not do so much with Co 313. 

Conclusions 

1. An easy biological process has been evolved for the conversion of 
fairly large quantity of exhaust cane molasses into a clean, dry inodorous 
manure with a high nitrogen content. 
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2. It requires installation of a small manure-making plant, as described 
in the paper in detail, requiring a few masonry tanks, centrifugal pumps, air 
blowers and leading pipes. 

3. It was revealed that, whereas fermentation under acid condition without 
neutralization lead to loss of nitrogen, fermentation with intermittent addition 
of lime to neutralize the acidity gave definite evidence of nitrogen fixation 
being about twice the total nitrogen content in the original molasses. 

4. It was found that the use of pure culture of yeast as started instead 
of mixed bacteria consisting of yeast, B. coli, acetic and lactic organisms gave 
sludge with higher nitrogen content than that obtained when mixed bacteria 
was used. The nitrogen fixation with molasses and filter press cake mixed 
in equal proportions using pure culture of yeast as starter gave nitrogen fixa- 
tion about three times the total nitrogen present in the original molasses. 

5. By a series of experiments taking a particular yeast variety where neu- 
tralization was effected with sodium carbonate solution instead of milk of lime 
it was found that heavy aeration led to about one-and-a-half times the yield 
obtained under normal conditions of fermentation. The use of am monium sul- 
phate, and more significantly ammonium phosphate, to the extent of 1-5 per 
cent gave increased yeast yield (three times using ammonium sulphate and six 
times using ammonium phosphate). Higher yeast yields were obtained on 
fermenting at increasing dilutions, sp. gr. 1017 giving the highest yield. 

6. Thus fermentation at the neutral point, i.e. under conditions where the 
acidity is constantly neutralized by milk of hme led to increased yield of yeast. 

7. The biological process evolved gives product like yeast, calcium acetate, 
propionate, lactate, butyrate and also nitrogenous decomposition products, 
as indol and skatol acetic, propionic, butyric acids and their esters which are 
said to contain plant harmones are likelj^ to be present. Thus whereas 
molasses has very little value as manure, its biological products contain valu- 
able plant food. The biological process of conversion of molasses into manure 
augments the yield of yeast, calcium salts of organic acids and also the 
plant harmones described above. An investigation into the existence of the 
harmones by micro-inethods is in progress. It is argued that fermentation 
with aeration and constant neutralization increases the yeast yield and diverts 
the course of fermentation so as to give the maximum production of yeast 
with least alcohol formation. 'J'he latter point is also being investigated. 

8. Cropping tests were conducted with two manures prepar^ by the rapid 
process — molasses manure with intermittent addition of lime with aeration 
and molasses and filter press cake manure at the Kalyanpur Farm, United 
Provinces, in collaboration with the Agricultural liepartmont. Working 
with three varieties of cane, Co 313, Co 312 and Co 331-~early, medium and 
late ripening varieties -with six replications in randomised blocl^ indicate that 
molasses, when directly applied in the soil, had definite depressant efiect as 
compared with the control in heavy doses, which increas^ with increased 
application although in smaller doses the effect was not very significant. In 
the case of Co 312, depressant effect was evident when molasses was applied 
both in light and heavy doses. 

The concentrated manures gave definitely increased cane yields com- 
parable with yields obtained by using castor cake as manure. The sucrose 
per cent in cane was slightly higher with concentrated manures than with 
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moLaeses. Taking a particular variety, Co 313, the yield of cane was approxi- 
mately 100 mds. more per acre with the prepared manures as compared with the 
control, while molasses direct application gave 100 mds. cane less. There was 
an increase of about 20 mds. of sugar per acre with the new manures over 
the control, while there was a decrease in the yield of 20 mds. of sugar in 
case of direct molasses application. 

9. Direct molasses application lead invariably to diminished percentage 
of germination and disease, such as yellowing of leaves, white ants, etc., wh2e 
the prepared manures made canes less susceptible to such attacks. 

10. The cost of production of the manures come to approximately 12 
annas per maund giving a return of the cost of molasses to sugar factories at 
4 annas. 

11. Considering the relative efficiencies 20 mds. of molasses will have the 
same effect as 3 to 4 mds. of the concentrated manures. 

Ackno>vledoements 

My thanks are due to Mr. R. C. Srivastava, B.Sc.. O.B.E., Director, Im- 
perial Institute of Sugar Technology for his valuable advice and giving me 
the necessary facilities for caiTving on the work. 

I have particularly to thank Mr. P. B. Richards, T.A.S., Director of Agri- 
culture, United Provinces, for taking a ki^m interest in the concentrated 
manures prepared by the biological process and placing at my disposal three 
acres of land and the necessary staff for arranging for the crop})ing trials at the 
Kalyanpur Farm, United Provinces. The name of Mr. Gajadhar Lai, B.Ag., 
Sujjerintendent of the said farm is also to be particularly mentioned for careful 
planning of the plots and recording various details regarding cropping testa. 

I have also to thank Mr. J. P. Shukla. M.Sc., my assistant for furnishing 
me with the harvesting data and analysis of cane samples and Mr. G. S. Datta, 
B.Sc., for preparing tlie manures and providing me with some data regarding 
nitrogen balance under various conditions of manufacture of manui'es. 

REFERENCES 

Bhaskaran, T. R. and Subramanyan, V. (1937). Proc, Sugar TvcJi. Assoc, ItiAia, Sixth 
Convention^ p. 424-32 

Desai, S. V, and Fazul-ud-Dm (1938). Ind, J. Agric. Sci, 8, 3S 
Oainy (1923). J. Agric. Rea. 24. 289-96 
Kogl (1937). Nature 140. No. 3544 

Narayana ( 1 932). Sytnpoaium on the Role of Organic Mailer in Soif. Soc. of Biol. Cherniy 

India^ p. 14 

-'1937). Proc* SfAgar Tech. Assoc- 

Paramanik, B. N.. Rao, R. B. and I.ab J. B. (1937). Proc. Sugar Tech. Assoc. hidia» 
Sixth Convention^ p. 188-96 
Sen, H. D. (1938). Indus. Jnd.. p. 250-1 

Sen, H. D. and Dutta, G. S. (1937). Proc. Sugar Tech. Asaoc. Sixth Convention, p. 333-43 

(1938). J. Set- Tech. Jnd. 4 (1 and 2). 59-63 

Tinkler (1937). Nature 140, No. 3544 

Viswanath and Suranarayana (1932). Symposium on the Rok of Organic Matter in SoU. 
Soe^ Bi&t, Cfhem,, India., p« 8 



A REVIEW OF THE APPlJCATION OF STATISTICAL 
THEORY TO AGRICUT.TURAL FIELD EXPERIMENTS 

IN INDIA* 

BY 

P. a MAHALANOBFS 

Statistical Laboratory^ Presidency College^ Calcutta 

I. CJenkral review of the present position 

A REVIEW of the application of statistical theory to agricultural field 
trials in India in recent years is largely a story of the triumph of 
methods devised by R, A. Fisher at the Rothamsted Experimental Station. 
The new developments also bear remarkable testimony to the scientific vision 
of Sir John Russell, Director of the Rothamsted Exf>erimental Station, who 
had recognized as early as 1919 the need of the application of statistical theory 
to agricultural research, and had not only persuaded Fisher to t<ake up this 
subject but had given liini full scope and freedom for working out appropriate 
statistical methods in his ov ii way. 

The basic principles of the new method are now well known and need not 
be discussed in detail. In order to appreciate the revolutionary advance 
brought about by the introduction of the new technique, let us however 
consider for a moment the contrast between experiments of the old and new 
type. 

The old type of field experiment 

Suppose we wish to compare the yield of say six varieties or the effect on 
yield of six kinds of manures. In the old type of exjieriment the field would be 
divided into six plots, and a single plot ^lould be allotted to each treatment. 
As Fisher [1935] explains ‘ the treatment giving the highest yield would of 
course api)ear to be best, but no one could say whether the plot would not in 
fact have yielded as well under some or all of the other treatments \ It is 
known that within the same field wide differences exist in the fertility of the 
soil. Even w^hen the soil fertility is uniform, there are innumerable other 
causes w hich affect the yield. How* can we be sure that the observed differences 
in yield are due to the difl'erence in the treatments, and not to soil hetero- 
geneity ? How can we be .sure that they are not due to chance fluctuations ? 
This is the basic problem. In order to solve it we must eliminate the effect of 
soil heterogeneity, and make an unbiased estimate of the magnitude of errors 
duo to chance so that w^e may be sure tliat the observed effect is significant in 
comparison with the size of such chance errors. 

The Fisherian technique 

let us now see how^ Fisher solved the problem. Consider the same 
experimental field which had been originally divided into six portions. 

* Presented before the meeting of the Board of Agriculture and Animal Husbandry 
in India held in lisdiore in December 1937 

( 192 ) 
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Fisher simply further sub-divided each portion* into a number of plots of 
smaller si/e ; and within each portion (or block as he called it) he assigned one 
plot to each treatment but strictly in a random manner. We have now the 
randomized block in its modem form. Using the principle of block division in 
two directions symmetrically we get the well-known Latin square. 

Results governed by lam of chance 

The import.ant point to be noticed is that the results will be now' governed 
entirely by the law's of chance. There are innumerable causes which produce 
differences between the plots, and W'e know' from the conditions of the experiment 
that it is impossible in })ractice tt) secure that the plots w ill be all alike. But the 
validity of the estimate of error is now guaranteed by the process of ran- 
domization, namely ‘ the provi.sion that any two plots, not in the same block, 
shall have the same probability of being treated alike, and the same probability 
of being treated differently in each of the w'ays in w hich this is possible’ [Fisher, 
1935J. The calculus of probability and the apparatus of the statistical theory 
of sampling distribution can now be used with complete confidence. The 
logical foundations of scientific inference were thus made secure, and agricul- 
tural experiments were placed for the first time on the same footing as 
experiments in other sciences. In actual fact the statistical theory of exact 
distribution in terms only of actual observations, popularly knowm as distri- 
butions in ‘ Studentized form \ achieved a good deal more. It made possible 
general conclusion.s being drawn with logical rigour from particular observa- 
tions. But tins is a topic of statistical rather than agricultural interest and 
must be paused over here. 

Elimination of soil differences 

llie second point to be observed is that by the technique of block division 
the problem of soil heterogeneity W'os solved at the same time. As each block 
contains all the treatments once and once only, differences betw^een the total 
yields of the different blocks could safely be a.scribed, apart from errors of 
sampling, to soil differences ; and could be eliminated by suitable statisti- 
cal methods. This of course led to a great improvement in the precision 
of the compariHons. When we remember that in particular experiments in 
India as much as 90 per cent of the total variation is sometimes caused by 
soil differences, the importance of eliminating its effect will be easily 
appreciated. 

The analysis of variance 

The third point to he emphasized is the close connexion between the field 
procedure and the procedure of statistical analysis in the Fisherian technique. 
In fact they are merely two aspects of the same problem ; and to quote Fi^er 
[1933] ' once the practical field procedure w^as feed, only a single method of 
statistical analysis could be valid. . . The specification of the particular 
process of randomization carried out, determined in advance the oorrect 
statistical analysis of the results 

*I need seamly sdd that the experimental field may be divided into any number 
of convenient portim ea<di of whudite farther subdivided into a number of plots. 
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To sum up then, replication, randomization, and block division (or loca^ 
control) were the principles of design introduced by Fisher [1923] atRotham- 
sted. Replication is essential because it is the sole source of the estimate of 
error, while randomization is necessarj' to guarantee the validity of the esti- 
mate, i.e. to ensure that the estimate will be unbiased. The purpose of block 
division is to increase the precision of the comparisons by elimination of soil 
differences, while replication is also useful in securing the same object by dimi- 
nishing the experimental error. Finally the analysis of variance* gives a 
convenient and valid method of extracting the information contained in the 
observations. As Wishart has pointed out, the Fisherian technique ‘was 
something in the nature of a revolution,’ and altered the subsequent course 
of agricultural experiments throughout the world. 

Previoua conditiona in India 

It took some time before the new technique was introduced into this country. 
Seven or eight years ago in India the control used to be almost always rej>eated, 
but the treatments were usually laid down without replication. Even when 
replication was used, it was of the systematic type and inadequate in number. 
In interpreting the results, the usual practice was to compare the means of the 
various treatments. In a few cases probable errors of means were calculated. 
The ordinary formula in the classical theory of errors was used for this purjjose. 
This was inexact for the twofold reason that the observed variance was subs- 
tituted for the corresponding population value, and the effect of using small 
samples was ignored.f Besides in the absence of randomization, such e.sti- 
mates were not unbiased, and could not be validly used for purposes of com- 
parisons. Finally there was no attempt to eliminate the effect of soil 
differences. It is no wonder therefore that many of the inferences drawn 
from the old experiments were unreliable. Even when the results were true, 
this could not be asserted with scientific precision. A fair idea of these 
old-type experiments, which used to be conducted in India a few years back, 
can be obtained from ‘Analysis of Manurial Experiments in India’ by Vaidyana- 
than [1934]. 

Introduction of the new technique in India 

Like most other recent movements in agriculture in India, we owe the 
introduction of statistical methods to the Royal Commission on Agriculture 
(report, pages 617-8), which had made definite recommendations on this 
point in 1928. In actual practice the modem period of field experiments 
began in India, I believe, with the foundation of the Imperial Council of 
Agricultural Research in 1929 on the recommendation of the Royal Commission. 

* See note on ‘ variance ’, ‘ standard error ‘ covariance etc. (Appendix II) 

t It is of some personal interest to me to recall here that to this particular problem 
I owe my contact with agricultural work. In 1924 my attention was drawn by Dr. 
W. Birnis (Agricultmal Commissioner with the Qovemment of India), then working in 
Bombay, to an experiment in which six varieties of rice were laid out in ten replicates 
systematically arranged side by side in long stripes. On the assumption of a systematic 
variation in soil fertility, it was possible to eliminate the soil differences by graduation, 
and it was found that the precision of the comparisons could be considerably increased. 
At that time I was quite unfamiliar with the Bothamsted work, but Dr. Bums' problem 
soon made me get ooqucunted with the Fisherian method, and me realize its great 
value. 
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The earliest experiment of the new type, a varfetal trial on rice with a 12 x 12 
Latin square was reported in the Indian Journal of Agricultural Science in 1931 . 
The Imperial Ck}uncil of Agricultural Research from its inception laid emphasis 
on statistical methods, created a statistical section at headquarters with a 
whole-time statistician at its head, and gave a grant to the Statistical Labora- 
tory, Calcutta, for advanced studies and researches in statistics. In fact I 
believe it was soon made a condition of all Imperial Council of Agricultural Re- 
search schemes that the experimental designs should be of the approved type. 
The Statistician to the Imperial Council of Agricultural Research gives his ^- 
vice on all standard schemes in the province, and personally visits a large num- 
ber of farms every year. Help is also available, especially on the research side, 
from the Calcutta Statistical Laboratory. In the course of this work a series 
of ‘Statistical Notes for Agricultural Workers’ was started of which 24 numbers 
have been published so far. In 1932 arrangements were made in Calcutta 
for giving special courses of instruction in statistical methods to officers who 
were sent there on deputation for this purpose. During the last five years such 
training has been given to over 75 agricultural officers from all over India, 
which, I believe, has hel]jed materially in raising the general standard of work. 
The lead given by the Imperial Council of Agricultural Research in all these 
waj's has n‘sulte<l in the l>atin square and randomized block designs being used 
with great success all over India. It is probably no exaggeration to say that 
iio important exjjcriment in India is now laid out on an old typo design. This 
must be considered to be a solid achievement. 

Factorial {complex) experiments 

We may now consider some further developments of the new techniques. 
As early as 1926 Fisher had advocated the use of factorial designs in which two 
or more typos of treatments were laid out on the same field. 

Suppo.se we wish to compare three varieties, and the effect of three 
roanurial treatments on each of these varieties. If we conduct the experiments 
separately, and use six replications, we shall require for the varietal trial 3x6 
= 18 plots. For the raanurial jmrtion we shall require three experiments, dealing 
respectively with the three varieties. With six replications we shall therefore 
require 54 plots for the manurial investigations and 18 plots for the varietal 
comparison or 72 plots altogether. 

Instead of simple experiments, suppose we combine them in one factorial 
(or complex) design. First of all, for nine combinations (3 varieties x 3 
manures) wo can then afford to give eight (instead of six) replications each in 
the same field of 72 plots. Secondly, we shall have no less than 24 replications 
available for the varietal or manurial oomparisons ; so that, if the standard 
error per plot remains the same, the accuracy of the main comparisons will be 
increased four times. Finally, the three manurial treatments cannot be 
directly compared in the separate experiments ; but in the factorial design the 
comparisons would be completely valid. In other words, the differential 
manurial requirement of particular varietiee, i.e. the interaction between 
varieties and manures, if any, cem be investigated only if the experiment is 
designed in the factorial form. With three or four factors the amount of in- 
formation obtained is proportionately even greater. Besides the main effects. 
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we can not only study the differential effect (or interaction) of the factors two 
by two, but also the response of one factor in the presence or absence of two or 
more of the other factors. 

A factorial experiment is thus not only more efficient in the sense that with 
the fMwiA number of plots all the factors can be studied with greater precision, 
but is also more comprehensive and will give information about differential 
response which could not possibly have been obtained by any number of ex- 
periments of the simple type. This is why Fisher [1920] definitely rejected 
the orthodox principle of varying the factors only one at a time and said : 
‘ No aphorism is more frequently repeated in connexion with field trials 
than that we must ask Nature few questions, or ideally, one question at a time. 
The writer is conAunced that this view is wholly mistaken. Nature, he suggests, 
will best respond to a logical and carefully thought out questionnaire ; indeed , 
if we ask her a single question, she will often refuse to answer until some other- 
topic is answered.’ 

Before leaving this topic it is perhaps worth while pointing out a third 
advantage of the factorial design. In the orthodox metho<i all the factors 
except one are deliberately kept approximately constant. In the result, 
information is obtained only for a narrow range of controlled conditions. 
In the factorial design on the other hand a number of factors are allowed tt> 
vary at the same time, so that conclusions drawn from such an exi)eriraent 
have a much wider basis for induction. 

In India the first factorial experiment with three varieties of potato under 
three manurial treatments was laid dow-n at tl»e instance of the Statistical 
Laboratory at the Visvabharati Institute of Rural Reconstruction at Sriniketan 
in 1931 . During the last four or five years similar two-factor experiments have 
become quite common all over India. Designs with three or four factors 
are also being used with success. As an example I may mention the four-factor 
cultivation experiment with rice (three varieties, five dates of planting, three 
spacings, and three numbers of seedlings per hole) designed at the Statistical 
Laboratory and conducted under the Imperial Council of Agricultural Research 
rice research scheme at Chinsurah for the four seasons 1933-37. The summary 
of results shown in Appendix T will give some idea of the wealth of in- 
formation w'hich can be obtained only from designs of Ibis type. 

In spite of their efficiency and comprehensiveness certain objections have 
been rais^ against the use of factorial designs which may be briefly C4)nsidered 
here. It has been pointed otrtrthat the main effects are\»btained with greater 
precision than the interactions ; also that the experiment includes manv com- 
binations which are never likely to be used in practice. This is quite true but 
inevitable. When we have no knowledge as to what particular combinations 
ate likely to be useful, it is desirable that we should seek to survey the whole 
range of all the factors. But an extensive field of survey inevitably implies a 
lower level of accuracy. However as experience is gathered, the field of 
enquiry can be narrowed by reducing the number of combinations, with an 
automatic increase in the precision. 

A second objection is more serious. With an increase in the number of 
combinations, the size of the block becomes too latge for adequate 
of soil-heterogeneity with consequent increase in tho rosidoal error. The 
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difficulty has been admirably got over recently by the ‘ splitting of plots * 
and the ' confounding of interactions *, 

Split-plot and ‘ confounded ’ designs 

In the factorial design complete information about all the combinations 
can be obtained at the <*ost of accuracy. W^e can, however, increase the 
precision by sacrificing a j>ortion of the information. Tliis is just what is 
achieved in the ‘ confounded ' design. The whole array of tn»atincnt combi- 
nations is therefore not im^luded in the same block, but deliberately distributed 
over two or more balan(?€*d sub-blocks. Kxperience has shown that high-order 
interactions are often insignificant. (»r oven when statistically significant are 
not of mii(di practical importance. In the confounded d(‘.sign information 
about sueft high-order interactions is usually sacrificed to increase the ])recision 
of other (*omparisons. If we like we (‘an, however, arrange to obtain some 
information about all the interactions, but inevitably at a lower level of 
precision, by * partial confounding'. 

The split-plot lay-out is a simple example of (‘onfounding in wliich the main 
effects of one of the factors are confounded. Thi« design is j)articularly useful 
when some of the treatments are sucl» that they c annot bo conveniently a])plied 
to small plots. Tlu^se main treatments are therefore laid out in a randomized 
block (»r Latin 8(|uare design, but each whole-plot is divided into a number of 
sub-plots whieh are allotted at random to the different sub-treatments. 
The residual variance between sub-plots gives the appropiiate error for the 
(‘oinparison of suh-tft‘atments, while the I'esidual variaive between jdots gives 
the error for the wliole-plot treatments. 

The split -pl(jt design is being extensively used in India , but the (ionfounded 
design has so far not attracted mueli notice.* As far as I know, one elegant 
design prepared by Yates has been laid down at the T )cklai Tea Experimental 
Station, and one de.sign has l)iH?n supplied hy the Statisti(*al Laboratory to the 
DaecA Ibiiversity fi^r the ImjK'rial (’ouneil of Agricultural Research scheme. 

The designing of confounded lay-outs is an interesting exercise, and in 
skilled bands it has attained a high degree of efficiency. ! would draw the 
attention of all agricultural workers interested in this subject to the discus- 
sion by Fisher [1935]. Yates [1937] and that in the Kothmnsted Iff ports for 
the last few years. 

Complete factorial designs, as wo have seen, are botli efficient and com- 
prehensive. But they need great care at every stage of the work, and with a 
large number of factors require blocks which are in(?onveniently large in 
practice. There is, therefore, a limit to the usefulness of this type of design 
depending on the heterogeneity of the land, the number of factors and nature 
of the problem, the skill and experience of the investigator, etc. The split- 
plot design is very convenient in problems in wliieh knowledge about the main 
treatmenta is already available. But T am of opinion that it is the confounded 
design which has the greatest possibilities in India, both on account of its 
flexibility as well as its economy of cost. Caution is needed, however, both 

• This review was originally written in December 1937, Since then the principle of 
ooxifbiinding is being inorMusingly used in India, 
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in designing the experiment and in carrying out the statistical analysis. In 
the beginning, therefore, it will be desirable to use standard patterns under 
the guidance of statistical workers. 

Interpretation of results 

Before leaving this subject I would like to add a few words in regard to the 
interpretation of the results. I have found that many agricultural workers 
are able to reduce the data correctly and complete the arithmetical part of the 
analysis of variance without, however, being able to draw the necessary 
inferences. ‘ Significance ’ and ‘ non -significance ’ are purely technical terms 
with the exact implication of which every experimenter should be familiar. 

Suppose we are working on the five per cent level of significance. Then 
the rule is that any effect which is likely to occur by pure chance less than once 
in twenty times on an average will be called ‘ significant ’. On the other 
hand, effects which are likely to occur more frequently than once in twenty 
trials will be called ‘ non -significant ’. Let us see the application of this nile 
in a concrete case. Suppose we have an experiment in which the treat- 
ments do not in fact produce any effect. Even then, with the prtisent rule, the 
effect will appear to be significant about once in twenty trials, and in the 
remaining 9!> per cent of cases we shall quite corret'tly decide the effect to be 
nil. The risk of considering an effect to be real, when in fact it does not exist 
is thus limited to just five per cent. Similarly working at one j>er cent level of 
significance, we limit the risk of our accepting a spurious effect as real to one 
per cent. In other words we work with odds of 99 to 1 in our favour. 

I may point out at this stage a peculiar property of statistical inferem«. 
Suppose we are working on five per cent level. We have seen that even 
when the effect is nU, we shall judge it to be real once in 20 trials. In 
other words, if statistical theory is right, we must be wrong in our judgment in 
five per cent of the cases. The possiliility, or rather, the certabity of error is 
thus inherent in the structure of statistical inference. This knowledge is a 
salutary check against an exaggerated sense of our own infallibility. 

The experimenter must, therefore, be careful in attaching undue import- 
ance to an isolated result which may appear to be statistically 8ignifi< itnt 
and yet does not fit in with general agricultural experience. Such n'sults 
should not be ignored, but should neither be accepted until corroborated by 
further experiments. On the other hand, results statistically insignificant 
should not be always neglected. If they appear to be plausible from other 
considerations, further investigations should be made with increa.sed precision 
of comparison. 

In short, the experimenter must use his critical judgment and discretion in 
the final interpretation of the results. Statistics is both indispensable and 
invaluable, but it cannot replace the human mind. 

Precision of Indian experiments 

Having reviewed the broader features of the new technique, it will be of 
some interest to examine the precision attained in Indian experiments. I am 
sorry, in the limited time at my disposal, I was imable to collect relevant 
information fix)m the different provinces of India. I shall, therefore, discuss 
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this point with the help of materials from Bengal and Assam which were 
readily available in onr Laboratory. 

The average standard errors per plot (expressed as percentages of mean 
yields) for four or five careful series of varietal trials with ans and aman rice 
at Chinsurah Farm during the five seasons 1932-33 to 1936-37 are shown below. 
(The figures within brackets give the number of experiments on which the 
average is based.) 

Bengal : Chinsurah Farm varietal tests 
{SUtndard error per plot as percentage of mean) 


Rice crop 


Yew. 

Aus 

Aman 

1932-33 

11 61 (3) 

10 10 (5) 

1933-34 ! 

9-68 (2) 

10 06 (6) 

1934-35 , 

8*38 (3) 

10*21 (6) 

1936-36 ; 

. . 

19*10 (5) 

1936-37 ! 

9 19 (2) 

9*74 (6) 


Similar figures for recent rice and sugarcane e.vperiments in Assam for the 
period 1032-33 to 1935-36 are given below'. 

Assam 


{Standard error per plot as percentofje of inean) 


Centre 

1 

Crop 

Variety 

1 

Manure 

1 

Complex 

Karirnganj 

Rice 

6-78 ( 24 ) ! 

! 8 00 ( 4 ) 

8 - 2.5 ( 6 ) 

TiUibar 

Rico 

10-60 ( 20 ) 1 

1 7*98 ( 4 ) 


Jorhat 

Sugarcane 

8-21 (9) ; 

1 7*71 ( 7 ) 

16 - 4 () ( 4 ) 


i 


1 1 w’iU be noticed that in Bengal and Assam in the case of rice and sugar- 
cane, a standard error of or 10 jjer cent per plot is (juite usual. 

Comparative figures for English experiments are quoted below from the 
Report of the Rothamsted Experimental Station for 1933. 


English stations 




f 

1 All 

Crop 

lAtiii 

' Randomized 

i arrange- 

) square 

block 

ments 

Potato 

1 6-8 

i ».2 


Sugarbeet 

Swedes 

1 «•* 

1 

; i 

* * i 

6*9 

Mangolds 

Kale 

( 

j 

1 • • i 

1 _ _ 1 

8*2 

7-7 
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Wishart and Sanders [1936], are of opinion that a standard error of 6 per 
cent for root crops and of 10 per cent for cereals may be considered satisfactory. 
Judged by English standards, the work in Assam and Bengal is therefore not 
unsatisfactory. I have no reason to think that careful work in other parts 
of India is in any way less accurate. 

Ijatin square, v. randomized block 

Owing to the possibility of eliminating soil differences in two directions, 
one would expect the Latin square to be more accurate than the randomized 
block, and English experience has generally borne this out. I am not in pos- 
session of enough data to judge the ])osition in India. My general impression 
is that the Latin square has been given j)reference here in smalLscale varietal 
w^ork. For large-scale work, I think on the whole the randomized block has 
been used more extensively in India, no doubt on account of its greater 
flexibility. One advantage of tlie randomized block is that an estimate of 
error can be cahailated separately for each comparison. Yates [1935] h*i8 
pointed out that ‘ this is of great value when handling new^ and unknown 
material, or treatments which may {)roduce large differences and even partial 
or complete failures. In such cases the assumption of constancy of error 
variance is entirely unjustified, but in a randomized block ex{>eriment any 
treatment or treatments may be excluded and the analysis carried out on the 
remainder. This is not true of either the Latin stjuare or of confounded 
arrangements \ 

Complex or factorial designs in India a|)parently have a slightly higher 
standard error per plot (of the order of 10 or 15 {)er cent of mean yield) than 
the simple Latin square or randomized block. This is probably due to the 
experimental difficulties in managing more than one set of factors on the same 
plot and to large block sizes. 

Uniformity trials 

In a randomized bloc^k design the greater the homogeneity of [dots within 
blocks the greater the accuracy of the experiment. In prac.ti(‘e this can bo 
secured experimentally only to a limited extent. But sometimes it i.s possible 
to increase the precision of comparison very corisiderably by suitable statistical 
adjustments. Suppose, for example, that the initial fertility of plots is known 
from a previous uniformity trial in which the same variety is plantcii 
on all the plots and given the same manuring, and the relative fertility 
of individual plots remains fairly stable ; then the yields in a succeeding 
year will be appreciably correlated with the yields in the uniformity trial. 
In this situation it is possible, with the help of the analysis of covariance, 
to make allowances for the initial differences in fertility among plots witliin 
each block. The use of such adjusted yields can then be used for the final 
comparison. This method has been sometimes known to have increased the 
precision even ten or twelve times. 

It should not be imagined, however, that this is always or even generally 
possible. In fact with annual crops the fluctuations in fertility of the same 
plot from year to year are usually so great that the increase in precision ob- 
tained by this method is not in general commensurate with the expense or the 
delay of one season involved in a uniformity trial. 
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It is therefore usually improfitable to conduct a uniformity trial as a pre- 
liminary to the main exiieriment with a view to increasing its precision. Re- 
peating the actual experiment twic^e would most often give more information. 
This is why we have for a long time discouraged the adoption of a uniformity 
trial as a routine practice. It may l>c noted, however, that there are special 
circumstances in which such trials may l>e very useful indeed, for example, 
in the case of horticultural experiments, 

tSize^ and shape of plots 

We may now consider the question of size and shaj)e of plots. As early as 
1910, Hall harvested a wheat and a mangold field in small units, and found 
that the variation between plots was appreciably reduced until the size reached 
was about 1/40 acre. It was therefore concluded, and the conclusion was 
corroborated by other unifonnity trials, that the optimum size in England 
was somew^here about plots of 1/40 acre. 

We have had occasion to examine the results of a number of uniformity 
trials in India, and we found that for varietal trials in many cases the plot 
could be reduced, so far as precision is concerned, to a very small size of the 
order of 1/140 acre. Plots of size 1/80 acre or 1/40 acre also give quite 
good results and can l)e safely recommended for convenience of agricultural 
operations. Given the area, the question of 8haj>e or orientation comes in. 
(hristidis [1931] showed from theoretical considerations as well as experimental 
data that long plots plac*ed parallel to the fertility gradient gave the best 
results. Our exjierienee in India is also more or less similar. Sugarcane 
experiments at Pusa an<l other plac*es in North Bihar show that strips, the 
length of which is 10 or 15 times greater than the width, give more accu- 
rate results. Rice experiments show the same tendency but to a smaller 
extent. 


Size of blocks 

The final precision of an cx|>eriment does not de{)end only on the best 
selection of plot size. What is needed is a choice of the optimum combination 
of the size of both blocks and plots. The best results will be obtained when 
the blocks are fairly homogeneous, (i.c. all the plots within the same block 
have nearly the same fertility), but differ appreciably as a whole between them- 
selves. It is obviously not possible to give any limits for the block size. If 
the soil is fairly uniform, it is possible to work with blocks of a large size ; 
on the other hand, if the fertility gradients are steep, the size of the blocks 
must be kept small. I had the opportunity of studying in detail the variation 
in soil fertility of a field of about one acre under rice at the Chinsurah Farm, 
which was harvested at ray request in 7040 units of 9 inches by 90 inches 
(1/7744 acre). We tried many combinations of block and plot sizes, and found 
that a low standard error of about 3* 5 per cent of mean yield per plot was 
obtained with a block size of 80 ft. x 44 ft. (about 1/12 acre) with 8 plots 
each of size 20 ft. x 22 ft. (1/100 acre). But considerably larger size of blocks 
160 ft. X 44 ft. (or about 1/6 acre), or 160 ft. x 88 ft. (1/3 acre) with 8 or 
16 plots each could be used with only a moderate increase in the error to 
about 6 pm cent of mean yield per plot. 
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Succesa of the netr techinique 

From the brief review given above, T think it can be stated without hesi- 
tation that in India wherever the Fisherian technique has been used on proper 
linftH in field trials, it has been found entirely satisfactory in every way and has 
given excellent results. The working procedure is very flexible so that it can 
be adapted to suit the most diverse ]»roblem8 and conditions of work, 

A good deal of valuable information regarding soil differences and the 
relative accuracy of different types of exj.)erimental designs is also fast accumu- 
lating in India. It is desirable in designing a new experiment that each 
experimenter should utilize all available information relating to his own woA. 
In this way he would be often able to get a good idea of the type of design 
likely to give the best results, and also to safeguard himself against too large a 
margin of error by using an adequate ntmiber of replications or other methods 
of controlling soil differences. 


Concomitant mriations and correJational analffsie 

I have already considered the use of uniformity trials, and 1 may now 
briefly refer to certain other methods of increasing the precision of field trials by 
using concomitant measurements and the analysis of covariance. The under- 
lying principle is simple. In a field trial there are many other factors besides 
yield which can be studied, and it often hapj^ns that some of these factors are 
correlated with the yield in the sense that variations in such factors cause (or 
are associated with) variations in the yield. It then becomes {mssible to 
separate and eliminate that portion of the variation in the yield which may be 
ascribed to these factors. In this way the precision of the ex{>eriment can be 
often increased very considerabl}'. For example, it may happen in a field 
trial that the yields of different plots are disturbed by variations in the number 
of plants which have established themselves. When such disturbance-s are due 
to causes which have no connexion with the treatments under trial, it is clear 
that there can be no objection to making allowances for such variations. 
In the pre.sent example, by counting the number of plants in the different 
plots we can easily eh'minate the variations in yield due to variations in 
plant number, and hence increase the precision of the exjMjriment. 

Similar methods may be used for eliminating the influence of vary in g 
intensity of attacks of j»ests and insects in different plots. It would be most 
undesirable to reject some of the yields simply because they appear to be too 
low. As Wishart and Sanders [1936] have remarked, ‘once a start is made 
in rejecting actual figures, there is no knowing where to stop .... a little 
skill in the game will lead to very significant, but quite untrustworthy 
results. There is no wish to impugn the reader’s honesty, but no man is so 
virtuous that he can afford to treat temptation with disdain The position 
would be quite different if some observations were recorded on the intensity of 
the insect attack in the different plots before the crop is harvested. Such 
records can then be used for making adjustments without bias. 

The method of correlation or analysis of covariance can dso be with 
great advantage in other ways. If records of growth of the {ibuit (hnght. 
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girth, tOlering, etc.), are kept at'different stagee, such records can be correlated 
with the final yield, and may be utilized to furnish valuable information on 
many points. These methods deserve greater attention than they have 
received so far in India. 


Missing yields of plots 

Before leaving the subject of field trials T may refer briefly to another 
question which occasionally arises in practice. Owing to accidents or negli- 
gence an the part of the subordinate staff, it sometimes happens that the yields 
of one or more plots are missing or get mixed up. Tn such cases it is often 
possible to reconstruct approximately the mis.sing yields by purely statistical 
methods, and thus recover much of the information which would have been 
otherwise thrown away. Formulae for certain simple cases were given for 
this purpose originally by Allan and Wishart [1930] and a general solution 
was subsequently given by Yates [1983]. Additions to the theory have been 
made in the Statistical Laboratory and have been used with success for certain 
types of mistakes which had actually occurred in India. It cannot, however, 
be emphasized too much that such procedures are at best make-shift arrange- 
ments, and the damage done by careless work cannot be rei)aired by such 
methods. In any case these methods must be used with very great caution. 


Use of random samples 

The use of concomitant measurements usually involves a great deal of 
labour, which can be often reduced very considerably by cKlopting the method 
of random sampling. Ck>nsider an ordinary field trial. Suppose for any 
reason, such as shortage of labour or inclement weather or some other difiiculty, 
it is found impracticable to measure the complete yield of each plot. In this 
situation we may take one or more random samples from each plot and measure 
the yield of these samples. Or consider the measurement of the height of plante 
at different stago^ of growth in the case of a field trial. For ordinarj' crops the 
number of individual plants in each plot is very large, and it is practically 
impossible to measure sepai'ately eveiy plant in each plot. We may here take 
a random sample of the same number of plants in each plot, and measure only 
those plants which are included in these random samples. Sometimes com- 
plete enumeration is not only impracticable but even theoretically impossible. 
For example, if the dry weight of plants is sought to be studied at different 
stages of growth under different treatments, it is obvious that necessary 
measurements cannot possibly be carried on the same plants, but only on 
portions of the material under observation. In such situations there is no 
idtemarive but to have recourse to random sampling. 

Fortunately, when used judiciously, this method is quite efficient, and the 
a^klitiona) «not introduced by this method is usually small. Thus, for 
instance, when the ywlds in a field trial are obtained by random sampling, 
the effective error variance will be simply the sum of the variance between 
l^bta and the variance, due to. sampling. The latter bring considerably 
fqnaller t)ie fia^ner, the ipcreese in the variance will conaequenUy be 
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amall. Th® method of random sampling* has great possiblities which should 
be more fully explored in India. 

Other applications of statistical theory 

J have considered held trials at some length as this is the main topic for 
discussion. But statistical methods have also been used with success in other 
types of work in this country .some of which may be briefly mentioned at this 
stage. 

The principle of randomized replication has l»een used in pot culture, animal 
nutrition studies, experiments on incidence of pests, horticultural experiments, 
etc. Very recently it has also been usecl in sylvicultural experiments at the 
Forest Research Institute at Dehra Dun. 

Correlational analysis has been used in a number of investigations on the in- 
fluence of rainfall and other weather conditions on crop out-turn, and although 
valuable results have been obtained, the scope of such studies has been un- 
fortunately much restricted in India by the paucity of reliable crop data 
extending over a large number of years. A good deal of valuable work is 
being done, chiefly under the auspices of the Meteorological Department, in 
agricultural meteorology in which statistical methods are t>eing used exten- 
sively. Modern statistical methods are beuig increasingly applied in linkage 
and genetic studies at the Indore Institute of Plant Industry and elsew’here. 

More advanced statistical technique ha.s been occasionally used for the 
investigation of special problems, such as detailed studies of frequency distri- 
butions of cotton fibre in the Cotton Technological Laboratory at Matunga ; 
the use of composite tests of significance in plant physiological work ; the use 
of quantitative measures of group divergence for the scientific classification of 
varieties, etc. In the limited times at our disposal it will not he possible to 
discuss with profit such recent developments in detail. 

On the whole, it may be said that agricultural workers in India have 
shown great readiness in using statistical methods, and have fully responded 
to the lead ^ven by the Imperial Council of Agricultural Reis.;ard) in this 
matter. Given necessary guidance and facilities, there is every reason to 
hope that the use of such methods wiU steadily extend in India. 

II. The FUTURE PROGRAMME 
Prohletns of special importance to India 

We may now consider the future programme. It was only natural that 
m the pioneer stage, much of the work in India followed closdiy the agricultitral 
practice at Rothamsted and other Ei^lish stations. But with the vahiahle 
background of e.xperienee gained daring the last six or seven years, and with 

* To be quite pedantic it abould be called ‘ random sampling Atnn random -pfni '. 

For, aU statistical woric is necessarily based on random Tha p int yisUs ia a 

field trial, example, are considwed to be random ■nt«q; 4iw firom the hypotheliaal 
population of similar jrields from the some plots under similar tieatmants in 
cwumstances. Complete enumeration here merely means measurement of rnmnlatti 

of all the plots whidi together constitute one single randcmi — ^ 

method of * random samplee *, oBsaller random samples »• taken Aom tha piols, 
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the better organization of statistics in India, the time has come for using statis- 
tical theory and developing suitable methods for the study of problems of spe- 
cial interest to our country. A few suggestions in this connexion may be 
useful as a basis for discussion. 

Rainfall and irrigation in rehium to agrindinre 

We are all familiar with the essential facts. Agriculture is the basic 
occupation, and the prosperity of trade, commerce, and industry are more 
dependent on it in India than in most countries of the world. The seasonal 
rainfa'l is concentrated within a comparatively short period, but fluctuates 
widely both in total amount as well as in distribution from year to year. A 
good monsoon with well-distributed rain usually means gcKKl crops and general 
prosperity, while a bad monscKin still causes, over a vast area, failure of cTops 
and widespread distress. 

Water conservation, irrigation, and drainage naturally constitute a subject 
of overwhelming im|K)rtante, and I hope to be excused if I dwell at some length 
cm this question. 1 have had the opportunity of studying in some detail 
the problem of rainfall and flcxals in Bengal and in Orissa. This has made 
me realize how great is its dii*ect and indirect l>earing on agricultuie. In most 
parts of India, we have enough rainfall to prc>duc‘e sufficient focKlstuff for our 
present population. Our real problem is to conserve the water, prevent waste, 
distribute the available supply in the most efficient way over different areas 
and at different times according to agricultural requirements for the production 
of the optimum crop, and finally to drain away the excess vithout causing 
any mischief. View’ed in this way iirigation, drainage, flocxl control, and 
agriculture are merely different aspects of the same fundamental problem. 

We possess fairly satisfactory data about rainfaU, owing to the activities of 
an efficient Meteorological Dejmrtment. We also have some, though neither 
enough nor cpiite reliable, data relating to rivers. But unfortunately the chief 
gap is in the agricultural knowledge. 

Let me give a loncrete example. I had occasion recently to examine a 
large irrigation scdieme in Bengal which had the dual purjmse of supplying 
water for crops at times of deficient rainfall, and of flood flushing the area 
as an anti-iiuilarial measure. The future health, prosperity, and happiness 
of one million people depended on the success or failure of the scheme. 
We could estimate from past records with reasonable accuracy what deficiencies 
in rainfall were to be expected in future. We could also calculate how much 
water could be sup[4ied from the Dainodar river at different ]mrts of the season. 
But unfortunately the agriculturists w^ere quite unable to supply reliable 
information regaining the optimum water requirement of paddy. It was 
not possible therefore to make any estimate with confidence of the increased 
yield which might be reasonably expected with irrigation from the available 
supply. And yet this was the critical factor on which everything hinged. If 
the inerease in production was sufficiently large the scheme would succeed ; 
otherwise it would fail. The effect of a wTong decision either way would be 
dsmetrous. If the scheme were abandoned whm in fact it might have succeed- 
ed, a opportunity would be lost. If it were fwooeeded with but faUed, 
such :^iiie would jeopardize for at least one generation the initiatioii of other 
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schemes even when the prospects of success were greet. I hed to meke tiie best 
of a bad job, and tried to get round the difficulty by using statistioal methods 
in a rather speculative fashion* 

But that is a different story. To come back to our topics we need then 
careful studies of the influence of rainfall and other olimatio factors on crops* 
Such studies would be useful in two ways. First, for supplying badly needed 
information about the water requirement of crops. Secondly, for purposes of 
forecasting ; even when a failure of crops cannot be prevented, early informa* 
tion may often enable ameliorative action being taken in time. 

Permanent climatic series 

It will be desirable therefore to start well-designed experiments in different 
parts of the country for studying the influence of rainfall and weather conditions 
on the yield of standard varieties of crops. The experiments will be definitely 
of the long-range type, and will be continued for many years. Arrangements 
will also be made for recording a number of carefully selected meteorolomoal 
elements. In planning this series, the needs of the country as a whole wul be 
naturally kept in mind, and the work will be standardized sufficiently to 
enable valid comparisons being made between results obtained at different 
stations. 


Phe^wlogical observations 

The question of starting systematic phenologioal observations (such as 
earliest and latest dates of flowering of well-known plants, passage of migra- 
tory birds, advent of seasonal pests and insects, etc.), may also be givmi 
careful consideration in the same connexion. Such observations are likely to 
prove useful in many ways, not only in the study of seasonal variations of the 
weather, but in the control of pests and blights, and in throwing light on the 
behaviour of plants to environmental conditions. 

Irrigation experiments 

Well-designed experiments will also have to be laid down for the direct 
study of water requirement and the growth of crops under irrigation. In the 
first stage it will probably be desirable to conduct such experiments under 
conditions in which both the supply and the drainage of water can be con- 
trolled at desired levels. As experience is gathered, it will no doubt be 
possible to approximate more closely to field conditions. 

In certain parts of India waterlogging and floods are often of almost as 
great importance as the lack of water. Carefully designed experiments ate 
therefore needed for studying questions of seepage, waterlogging, etc., under 
actual agricultural conditions. 

Soil erosion is a problem of importance in many regions. This question is 
closely connected with run-off and drainage, and requires to be studied in 
relation to irrigation. The possibilities of using agricultural methods, such as 
planting of suitable crops of trees for controlling soil erosion, desOTve investi- 
gation in the same connexion. 

All these irrigation experiments, to give the best results, require the active 
cooperation of the engineer and the agriculturist ; while the scope of 
statistical methods is practically unlimited^ ^ 
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8oil studies 

Another problem of great importance is tlie study of the soil, and of the 
changes in its condition, in different parts of the country. As regards pro- 
gressive deterioration, the Royal Commission on Agriculture [1928] was of 
opinion : " While paucity of records of crop out-turn throughout India over any 
long period of time makes the matter impossible of exact proof, we are of 
opinion that the strong presumption is that an overwhelming proportion of 
original lands of India long ago reached the condition to which exjierimental 
data point’. 

Permanent mfinurials 

Careful ex{)eriinent8 are needed to study whether soil deterioration is still 
progressing, and if so at what rate, and also t o study the influence of different 
types of manures to prevent such deterioration and maintain the soil in a 
healthy condition. The time has therefore come to lay down a series of 
permanent manurials on modern lines at a number of selected stations. Where 
practicable, the nianurial series may l>e suitably combined with advantage with 
the climatic series. 

MuUi pU experiments 

Multiple experiments offer great advantage's for the study of climatic, 
varietal, manurial, and other questions. In this plan a number of experiments 
of the same typo would be laid down with the same or similar groups of varieties 
or treatments in different parts of the country. Owing to the large differences 
in soil and climatic fact/ors, not only between ilifferent provinces but even in 
diflferent districts of the same provin('c, these experiments would be conducted 
under widely varying conditions. 

The work will have to be planned as a whole. When the same set of 
varieties or manures or other treatments cannot be use<l in all the experiments 
of a given series, it should be still possible to link up the w ork by providing 
overlapping treatments through which comparisons can be made with con- 
fiden<^. Htandardization will obviously be necessary, but sufficient flexibility 
must bo retained to adapt the work to suit local needs. 

If the multiple series is designed as a whole, it w ill l>e often possible to con- 
duct a joint analysis of the results, and to study tlie influence of the variations 
in the diflferent factoi's. In this way valuable information might l)e obtained 
in a few years which would otherw ise take a very long time to collect. In 1931 
1 had pointed out the need and scoi>e of such multiple exi)erimente under 
Indian conditions and had pleaded for their adoption at the joint session of the 
Agriculture, Physics and Mathematics sections of the Indian Science Congress 
at Nagpur. Six or seven years ago the time w as probably not ripe for under- 
taking such experiments on a large scale. But the Fisherian technique has 
now become so familiar that it should not be difficult to start them in the 
immediate future. 


Cuttivaiion afid rotation experiments 

Other problems of special importance in India are connected with methods 
of cultivation and rotation of crojis. Given soil and water, the basic 
problem is to secure the greatest return to tlie cultivator. A wide outlook is 
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desirable in designing such experiments. When we oompare different methods 
of cultivation, for exainfdc, it is obviously not sufficient merely to concentrate 
attention on which metliod gives the largest yield ot crop. Jt is also necessary 
to take into consideration the question of relative costa, the real aim being to 
find out which method will secure the largest net return to the cultivator. 
Similarly, in rotation cx|>erimcnts it is not enough to ranc^ntrate attention 
on merely the influence of a particular (Top in one year on the yield of another 
crop in a succeeding year. JHic object should be to find out that particular 
sequence of crops whicli. after making allowances for differences in the 
cost of cultivation, ^vould on an average secure the highest profit over a 
number of years. 

( "rop-c Kiting cxperiwfniH 

Although crop-cutting ex|)eriinents do not fall under field trials, I would 
like to point out how sm h exi>eriinents may l>e made to supplement the in- 
formation obtained from field exiieriments. ( insider any given region. In 
an adequately designed (Top-(nitting e\}>eriment this region will be divided into 
a number of homogeneous zones witli more or less the same tyjie of soil, climate, 
irrigation facilities, tyiie of crop. metluKl of cultivation, etc. Supjxise we 
now anange to conduct the croj>-cutting w(Tk at a nuiiilier of spots selected 
strictly at random (but so arranged as to include all the varieties or (oiiditions 
we desire to study) within each zone. The ex|)eriment as a whole wdll then 
resemble, on a very large scale, a field trial with a design of the raiidomizixl 
block type, f am not suggesting that in practice it will lie {x>Hsth]e to preserve 
the analogy in detail. But 1 think it shoidd not t>e diffiindt to plan a erop- 
(‘utting experiment as a whole in such a way as to supply useful information 
regarding the jjerforinance of different varieties nr treatments under actual 
cultivating conditiems on a large scale. 

Apart from such considerations, a crop-(*utting ex|XTiinent of (*ourse has 
its very important primary function of supplying infonnation alwmt the total 
out-turn of crop. As the only method available here is that of random samples, 
this question offers great scofK? for the ajiplication of statistical theory. V’^alu- 
able pioiK?er work has been done in the United Provinces in this (*ontiexion, 
but the subject is of sufficient inqMTtance to descTve systematic and sustained 
study in other provinces. 

yVcicc of ttiaiisiir^ in agrintliKtr 

Before (concluding 1 would like to make a few general remarks alxmt the 
place of statistics in agriculture. It is 1 ho|>e sufficiently clear from the previous 
discussion that the first function of statistical theory is to su|>ply an adequate 
technique for collec ting the primary data in such a way that valid inferenc'es 
may be drawn from them. The use of the principle of randomized replication 
in some form or other is indi8i)enRable for this purpose. The second fun<*timi 
is to extract the w hole of the infonnation contained in the data in the moat 
efficient way. It has been already jwinted out that the appropriate method 
for this purpose will depend entirely on the particular way in which the process 
of randomization is introduced. 

We have seen how successfully these principles have been used in the case 
of field trials. It is essentia] that the seme principles should also be apf ^ in 
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the case of experiments of all other kinds. There is great scope for work in this 
direction to India. For, T am afraid, the need of statistical methods in experi- 
ments other than field trials has not yet been snflficientlv recognized in this 
country. Much effort and time have been wasted in consequence. 

NeM of definite statistical objects 

In fact it would be a salutary practice in most experimental studies to 
refrain from taking any measurements or recording any observations whatso- 
ever until one was satisfied that these could be utilized in a valid manner for 
some useful purpose. In any case, it would be a safe nile to carry out a trial 
analysis with available material at the earliest opf^ortunity. If this was done, 
it would often reveal gaps in the data or defects in the method of collecting 
them which could be often put right in time. If one waited until the end it 
w'ould usually be too late. 

Indeed in India it is tragic to see the enormous amount of statistical 
material which is collected at considerable expense hut whi(^h is never used, or 
which can never be used in any way except as h^od for white ants. It would 
save a great deal of labour and money if no measurements or observations 
were recorded without a definite statistical purpose in view*. 

As already [X)inted out, in order to secure this end, the process of randomi- 
zation and the projected method of analysis must be such that it would be 
jiossible to make precise statements as to the significance or noii-significane of 
the results. When, as is usually the case, some previous information is already 
available, it is further necessary that the experiment should be designed in 
such a way that the expected precision is adequate for the purpose in view^ 

Statislirs as a fon^ and not the end 

Even this is not sufficient, something more is necessary. Before starting 
an experiment each worker should satisiy himself that, if the ex}>eriment is 
successful, something will be gained which is worth the time, labour, and money 
s[)ent on it. T frankly <‘onfess that T have sometimes wondered whether this 
condition had been really fulfilled in the case of some of the agricultural experi- 
ments whi<‘h I l)Hve had occasion to examine. I know that this is treading on 
dangerous grounds, but 1 do not think if can be emphasized too much that 
statistics is merely a means and not an end in itself. Wishart and Sanders 
[1936] have wisely remarked : ‘ In these days it is difficult, but v(Ty imp(»rtant 
to keep a sense of proportion over the question of exi>erimentation. The 
statistical side has been given so mneh prf»minen<'e in recent years that theie is 
a real danger of statisti^^ being regardi^d the main intere<«t in ex|)eriment- 
ation’. 

Safeffttards against statistical eatresses 

Agriculturists must not therefon^ allow statisti(‘s to degiuierate into a kind 
of mysterious cult, llie fundamental prineiples are easy to understand, and 
there is no reason why the experimenter should not fake an intelligent interest 
in the designing of experiments. The stati.Htii ian, ow ing chiefly to constant 
practice, is more skilled in handling <*ertain teclmi<‘al tools w Inch can be safely 
left to him. But it is the experimenter w ho is in a better position to judge the 
value of the experiment as a whole in its w ider aspects. 

Fortunately statistics itself may be used as a cheek against its own excess. 
It is possible, and possible only by statistical methods, to determine with 
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Bcientific precision the marginal (or additional) cost in money and human 
labour for obtaining any given amount of additional information or increased 
accuracy. In this way a kind of scientific cost accounting of experiments can 
be made possible, so that the experimenter may be guided in his decision by 
rational considerations. 

Cooperation between cLgrimltunsta and statisticians 

In India there is always a danger of our not being able to see the wood 
because of the trees. The only corrective is to keep the basic problem promin- 
ently in view. The experimenter should constantly remind the statistician 
(and also himself perhaps occasionally) that improving the standard of living 
of the 350 millions of our countrymen by increasing the produce of the earth 
is the ultimate aim of all agricultural experiments ; and that how far progress 
is made in this direction is the final test by which all w’^ork will have to be judged. 
This is the only w^ay in which the agriculturist will be able to breathe 
life nto the dry bones of statistics. I therefore plead for a close, friendly, 
active, and fruitful cooperation between the agriculturist and the statisti- 
cian in this task. 


Appendix I 

Mean squares in analysis of variance : Chinsurah complex experiment on Hce^ 

1933^36 

I Degrees 


1 of 

1 freedom 

- - i 

1933 

1934 

1936 

1 

Block ...... 

1 

2 

144098 

359084 

76533 

Date of planting .... 


2389142** 

i 499687** 

5417487** 

Error ...... 

! ^ 

30461 

40666 

23907 

Variety ...... 

' 2 

708617** 

i 664263** 

386807** 

Error ...... 

4 

12465 

, 19494 

16339 

Planting x Varieties .... 

' 8 

29608** 

‘ 37276** 

26112** 

Error ...... 

16 

4269 

1 8181 

3018 

Spacing .... 

1 

i 2 

64848** 

j 

4061 

10809** 

Seedling ...... 

! 2 

32691** 

i 6733 

2028 

Spacing x Seedling .... 

4 

1396 

; 3221 

906 

Planting x Seedling .... 

8 

2484 

! 6670 

1236 

Planting x Spacing .... 

8 

6320* 

; 1814 

970 

Variety x Seedling .... 

4 

1112 

1 10710* 

1066 

Variety X Spacing .... 

4 

1306 

4898 

1331 

Planting x Variety x Seedling . 

16 

3991* 

{ 2889 ; 

1306 

Planting x Variety ' x Spacing . 

16 

2962* 

1 6347 

1761 

Planting x Seedling x Spacing . 

16 

1442 

1685 ! 

848 

Variety x Seedling x Spacing . 

8 

1198 

4634 1 

1060 

Planting x Viudety x Seedling x Spac- 





ing * . 

32 

947 

2289 

1779 

Error ...... 

240 

1364 

2847 1 

1882 


• Indicates si gnifi c a no e at 5 per cent level. Indioates at per 5 »f n t level* 
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Notb. — ^T he results are given for the three seasons 1933, 1934, and 1936 as the ex- 
periment failed in 1935 owing to drought. The test of significance indicates that the 
effects of the three varieties of rice, of the five dates of planting* and of their mutual 
interaction of the first order were appreciable in all the three seasons under observation. 
Variation of spacing also showed significant differences in 1933 and 1936 but not in 1934. 
Other effects were either insignificant or significant only for one seeuson. A detailed ex- 
amination showed that the variety called hhammanik gave the highest yields at Chinsurah 
during all the three seasons. The first week of August was found to be the best date of 
planting ; in fact the yield showed a distinct tendency to be lower if the transplanting 
was finished earlier or delayed by a fortnight. A close spacing and an increased number 
of seedlings per hole were necessary' to insure against late transplantings, particularly 
in years of adverse rainfall distribution. But under a favourable monsoon, small varia- 
tions in spacing or seedling numbers produced practically no differences in yield. Finally 
the superiority of one variety over another was not identical for all the dates of planting 
but was found to be significantly associated with the time of transplanting. 

Appendix II 

Note on variance^ standard error ^ covariancey etc. 

IjetXiyX 2 Xn be the yields of n plots. Then the average 

yield is defined as a: = t. • • • • * • • • j u (1). 

n 

The ‘ deviation ’ (or ‘ error ’) of the yield is simply the difference between 
any individual yield and the average, i.e. (a-^ — x), (x^ — x), etc. The ‘ sum of 
squares of deviations ’ is given by (* 1 — a;)* + (x.j — a:)* + 

(Xn—X)* [2). 

The ‘ variance ’ of the yield is defined as the sum of squares of deviation 
divided by (n — 1), or 

( 3 —^)* + (Xn—xy ,g. 

(n— 1) 

H®re (n — 1) represents the ‘ degrees of freedom ’ which can be usuaQy 
identified with the number of independent comparisons possible in any given 
case. In the present example, we can clearly have (n — 1) independent com- 
parisons between the yields of n different plots. 

It will be noticed that ‘ variance ’ represents a kind of average of the 
squares of deviations. The ‘ standard deviation ’ or ‘ standard error ’ is 
defined as the square root of the variance (which is sometimes also called the 
‘ root-mean-square-deviation ’ or ‘ root-mean-square-error ’). 

The variance defined in equation (3) is the variance of individual plots, 
and the corresponding standard deviation or standard error obtained by 
extracting the square root is the ‘ standard error per plot ’. 

The ‘ variance of the mean ’ of the yields, i.e. of a; is obtained by dividing 
the variance of individual plots by n, the total number of p ots concerned, 
i.e. is given by 

t> _(gi — a)* + (x,—x)* + •(3-5)* (4). 

n n (n — 1) 

The ' standard error of the mean ’ is the square root of the above ex- 
pression. 

When more them one character (or variate) is present, the covariance of 
any two cbeuracters (or any two variates) is similarly defined as the sum of the 
pE^oots of lAe oOEieqKmding deviations divided by the degrees of freedem. 
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Thus if (a?!, yj (a:^, yg) (Xn , Vn ) are the n pairs of values of the two 

characters, and x and y their renpective averages, then the covariance is given 

by 

(x^—x) (y i— y) + (^2—^) (2/2--^) ^ (6). 

(n—l) 

Main effect and interaction.— If we have p treatments (or factors) then the 
main effect of each treatment (or factor) is the mean value of the relevant 
treatment (or factor) for all combinations of the other factors. The main effect 
is thus obtained by taking the average over all plots in which this particular 
factor occurs. 

When two or more factors or treatments are used at the same time as in 
complex (factorial) experiments, the total effect due to the joint influence of 
two (or more) factors may or may not be equal to the sum of the effects due to 
each of the factors taken separately. Interaction between the factors is 
defined as the magnitude of the departure (if any) from the total effect calculat- 
ed on the additive hypothesis. When the different factors act independently 
the joint effect will be necessarily tuiditive, and the interaction will be con- 
sequently nil . 

In an exj)erinient involving^) factors, we can (‘ousider the factors in pairs, 
and we shall have one first -ordt‘r interaction corresponding to each pair or 
^ first-order interactions altogether. We can also consider the factors 
by threes, and in this case, if the first-order interactions ar(‘ affected by tl)e 
presence of the third factoi*, then we shall get second-order interactions. In 
the same way we can also consider higher order interactions, but usually high 
order interactions are of little practical importance. 
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A NOTE ON THE ANA1.YSIS OF 3^ AND 3^ DESIGNS 
(WITH THREE-FACTOR INTERACTIONS 
CONFOUNDED) IN FIELD EXPERIMENTS 
IN AGRICULTURE 

BY 

M. VAIDYANATHAN, M.A., L.T., P.S.S. 

AND 

S. SUBRAMONIA IYER, M.A., F.S.S. 

Imperial Council of Agricultural Research 

(R^eivixi for publication on 19 Dt^cernl>er 1939) 

INTBODUCTIOK , 

O N the recomniendatioii of the Joint (*oiinnittee of Field Ex}>eriments in 
Agri(‘ulture of the lni|>erial Coum il of Agricultural Research, certain sug- 
gestions for replanning of manurial experiments for rice and sugarcane were 
made to the provinces and states, and most of these Imve been accepted for 
adoption from 1939-1940 season. Of the designs suggested ))y the Committee, 
wliat are now known as ‘ factorial designs ' are important. These are on the 
lines of tlie designs adopted at the Rothamsted Experimental Station in Eng- 
land, which the senior author of this paj)er had the opportunity of examining 
in detail at close quarters during 1937 . As the idea of ‘ confounding ’ the 
effects with block differences is comparatively new to tiie agricultural exj>eri- 
menter in India, it may be sUited even in the beginning that the object of 
* confounding ’ w ith the blocks is to reduce the block-sixe w hich w ill otherw ise 
become huge in a factorial design involving a number of levels of different 
fa(‘tors. Tins is done without disturbing tlie int<»rpretatiop of main effects and 
interactions on which w^e aie interested. Thus with a 3* design, (i.e. with 3 
levels ofcuich of 4 factors), in the usual randomised block method there would 
bt* 81 plots in a block, which is obviously too liuge for a correct interpre- 
tation ; but if it is possible to confound some of the higher order interactions 
(say three or four factor interactions) with the block'^, without disturbing the 
main effects and low^or order interactions on which we are interested, the 
block size can be reduced with only those treatments included in a block giving 
the desired comparisons. Similarly in a 3 ^ design, even 27 plots are too huge 
for a block and we may confound with the blocks some of the three-factor 
interactions. 

Again, where we are dealing with a 3* design, if it is not j)ossible to repli- 
cate and find sufficient space for the exi)eriment, Fisher has showm that even 
with a single set of 81 plots (without replications) it will be a valid interpreta- 
tion of the data if higher-order interactions are treated as error [See ‘ Design 
of Experiments ’ p. 115 (second edition).] 

( 213 ) 



214 


TfiS INDIAN JOURNAL OF AGEIcUlTDrAL SOIttNOft £X 

But it it is possible to find space for a number of replications, then we may 
adopt what is known as ‘partial confounding’, by which interactions con - 
founded in one block are not confoimded in the rest, and all ‘ confoimded inter- 
actions ’ are distributed over all the blocks, so that it may be possible to obtain 
some information for interactions confounded in one block from the blocks 
where they are not confounded. 

The principles of planning and analysis of S® and 3* designs have been 
dealt with by Yates in ‘ The Design and Analysis of Factorial Experiments ’ 
(Technical Communication No. 36 of the Imperial Bureau of Soil Science). 
The object of this note is to explain fully the computations involved in the 
analysis of such designs so that they may be easily understood by the a^- 
cultural experimenter in India. Part I deals with 3* design and Part II with 
3* design. 

PART I 

Analysis of 3^ design (27 plots) split up into 3 sub-blocks of 8 plots each, snch that 
2 degrees of freedom of three-factor interactions are confoonded 
with the three snb-blocks 

We shall first illustrate the methods of analysis in the case of a 3® design 
(i.e. total of 27 plots) split up into 3 sub-blocks of 9 plots each such that 2 
degrees of freedom of three-factor interactions are confounded with the three 
sub-blocks (note when 2 degrees of fi’eedom are confounded with the blocks we 
want 3 sub-blocks, for 3 degrees of freedom 4 sub-blocks and so on). 

Material 

The data relate to an intercultural experiment on sugarcane conducted at 
Shahjahanpur, United Provinces, during 1938-39. The details of treatments 
are shown in Tabic 1 with the actual lay-out and plot yields. 

The following are the details regarding the experiment : — 

Size of plot 63 ft. X 24 J ft. = 1/28-24 or 0-0364 acre 
Size of plot harvested 69 ft. x 17^ ft. = 1/42*19 or 0-0237 acre 
Basal manuring — NU. 

Irrigation — Fide treatments in the experiment 
Variety of cane — Co 312 

System of planting. — Planted on flat 3^ ft. apart in rows on 27th 
January 1938 

Experiment — ^Unreplicated into higher order interactions used as 
‘ error ’ 

The following statistical procedure is suggested in analysing the data : — 

Formation of totals 

Table I gives the plan of layout and plot jrields ; d,8,n standing for inter- 
culture, irrigation and nitrogen respectively, d, s, n are written in the same 
order and rank throughout. From Table T we obtain Table II, arranged in a 
conventional way ; do, dj, d* written down, s^, «i, Sg across, and n#, nj, n, 
further up also across. This way of writing down the data of yield of treat- 
ments has the advantage that we can form from it two-way tables, i.e. with 
two factors only with focility. (1), (2) and (3) of Table m give two-way 
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totals oida, dn and an with their marginal totals. (4) and ^5) of Table III 
gives for each of n^, ni, and diagonal totals I and J formed out of the nine 
values (do, di, d^) (a^, a^, a^) as explained below : — 

If the nine values are written in the following order : — 

1 4 7 

(A) 2 6 8 

8 6 9 

then " 1 -f* 6 “f* 9*1 

(7) 7, - 2 + 6 + 7 ^(J) J, - 2 + 4 + 9 
7, - S + 4 + 8J J, = 3 + 5 + 7 

It may be noted that (A), (/) and (./) have the first columns identical, 
second and third columns of both (7) and ( J) are permutations of second and 
third columns of (A), ly is top left-i^ttom right diagonal of (A), J, is top- 
right bottom left diagonal and that row-wise both (I) and (J) add up to 15. 

These 7 and J totals will be found useful for calculating two-factor inter- 
actions. Similarly for calculating three-factor interactions, we form diagonal 
totals out of (n,, n^, n,) (7,, 7,, 7,), {>»„, ni, n^), (J,, .7,, J^) in the same way 

as original 7 and J were formed. We thus obtain Wi, IT*, ; Xi, X*, Xj ; 

Ti, y t, Fa and Zj, Z,, Z, as given in Table IV. Now the totals X,, X*, X, 
are those of the three sub-blocks, showing that the particular 2 degrees of 
freedom are confounded with the blocks. 

Analyaia of variance 

First calculate the total sum of squares of the 27 values in the usual way 
fi.e. square each of the 27 values, add all the squares, and subtract the correc- 
tion factor : — 

(total of the 27 values)*]. 

27 

Then Table V gives sums of squares for the main effects and two-factor 
interactions calculated from the totals of the three two-way Tables of Table 
Ilia (See details of working). 

The sum of squares corresponding to the confounded and unconfounded 
pairs of degrees of freedom of the three-factor interactions are found from 

Table IV, from (IT), (X), (F), (Z), remembering that IFi, Wi are 

totals of nine plots. 

(Check : — ^The total sum of squares for 26 degrees of freedom on the basis 
of 26 values should tally with the sums of squares for 26 degrees of freedom got 
independently as explained above). 

Table V further gives the analysis of variance into two-factor and three- 
factor interactions sidit up respectively into 7, J ; W, X, F, Z. Though it 
may not be necessary always to split up into above sets the process will help 
an understanding of the method of analysis, and explain the procedure of 
‘ confounding Of the three-factor interactions, as 2 d^rees of freedom are 
confounded with blocks, the other 6 degrees of freedom are taken to consti- 
tute * error *. On this baslB, in this particular case none of the effects is signi- 
fioantatP » 0*06. 
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Table T 


Lay out 


Field (Q 6) 

dfP^nQ 

20-68 

d,*,ni 

20-20 

21-00 

di»ino 

20-45 

20-82 

18-88 

19-77 

d^^fiiQ 

23-20 

10-30 

19-25 

13-76 

i di*«ni 

1 18-87 

1 22- 19 

21-67 

10-76 

d'^s-jp^ 

19-50 

1 

19-78 

20-63 

j 21-96 

18-45 

17-20 

d^SjiPi^ 

22-70 

21-53 

24-62 

d^2^o 

20 -75 

20-75 

dv»o»i 

17-97 


Treatments 

Interculture Irrigation Nitrogen 

Akola Hoe (dj,) 2 irrigations {8q) 0 lb. (n^) 

Pt Junior (r/j) 4 irrigations («,) UK) lb. (n,) 

Kaahi (d^) b irrit^ations («,> 2<X) lb. («,) 

Table II 

YiMs of separate treatment combinations 



«• 



fh 



«• 


«• 

1 



*1 

89 

8t 

#t 

8* 

T' .r~ 

89 

20* 68 

20- 63 

20-76 

17-97 1 

21-00 

22-10 

10-26 

1 20-76 

20-82 

18-46 ! 

20-46 

21*67 , 

18-87 ! 

1 

21-06 

19- 77 

10-30 

10*60 

24*62 

13-75 

21- 58 ' 

( 

23 20 1 

20-20 I 

10- re ! 

22-70 

17-80 

1 

18*88 1 

10*70 


Sub-block I Sub-block II Sub-blcwk ID 
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Table III 

Two-way UMes for calculating main effects and two factor interactions 




•• 

*1 





67-90 

62-38 

63-76 

184*04 

(1) 

rfi ; 

1 

56-62 

61-90 

65-96 

184-48 


d, 

1 

51-16 I 

60-19 

65-66 

1 

177*00 








d. 

62-06 

61-16 

60*82 


(2) 

dt 

60-57 

60*59 

63*32 



d. 

58*48 

62*68 

55*84 



•• 

52*88 

57*04 

55*75 

165*67 

<3) 

•i 

62*61 

62-73 

59*13 

184*47 


! 

i 

65*62 

64*66 

65-10 

195*38 








I, 

64-33 

62*62 

58*51 - 


(4) 

/. 

60*73 

60*84 

59-00 



/• 

56-05 

60-97 

62-47 




63*88 

67-62 

62-65 


(S) 

Jt 

62 28 

62*57 

59-81 



J, 

54-96 

64-34 

67-62 




181-11 

184-43 

179-98 





Table IV 




Three-factor interactions 




1 


2 

3 


(W) 

187-64 

180-21 

177*67 


IX) 

184-30 

185-82 

175*40 


(T) 

18S-f7 

189-87 

172-88 


US) 

188-03 

177-88 

180-17 
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Table V 

Analysis of variance 


Mm in f‘fTocts 


actions 


DSN 

Three facto] 
eructions 




Dcgretis of 

Sum of 

Mean 



freedom 

squares 

square 


D 

2 

3-9160 

i-9675 


S 

2 

60* 1908 

26-0964 


^N 

2 

1-1890 

0-6946 


fl 

2 

2-2489 "1 


CDS ^ 


2 

4-2376 ^ 

y 1-6216 


[J 

2 

1-9389 *1 


DN ^ 


2 

6-7471 J 

- 2-1716 

( 


2 

0-2969 1 

1 


J 

2 

1 

4-4783 j 

^ 1-1938 

r W (Error) 

2 

6-9661 


X (Confoun- 2 

7-0406 

4-9325 

; ded with 
blocks) 



(TF. Fo Z) 

Y (Error) 

2 

16-7926 


Z (Error) 

2 

6-8373 



•At 


shows ‘ Not 
cant 


26 


111 -8779 


Conclusions 

None of the efFecte are significant even at P — 0*05 

Details of wokkino 

Table III (from Table II) 

(1) d. So = 20-68 + 17-97 + 19-26 = 67-90 
d, «i = 20-63 -f 21-00 + 20-76 = 62-38 
dj s, — 20-76 + 22-19 + 20-82 = 63-76 

and BO on 

(2) d, no = 20-68 + 20-63 + 20-76 = 62-06 
do ni = 17-97 + 21-00 + 22-19 - 61-16 
don* = 19-26 + 20-76 -f 20-82 - 60-82 

and so on 


«o no » 20-68 + 18-46 + 13-76 = 62-88 

*0 n, = 17-97 + 18-87 -f 20-20 - 67-04 

«o »i - 10-26 -f 10-80 + 17-20 - 66-76 

and so on 


I ratio 
signHi- 


(3) 
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(From Table II) 

( 4 ) * ( 6 ) 

Ii n, - 20-68 + 20-46 + 23-20 = 64-33 

/, n, ~ 18-46 + 21-63 + 20-76 ■= 60-73 

/, n, = 13-76 4 20-63 -f 21-67 = 66-06 

Ji n, = 17-97 + 21-96 + 22-70 = 62-62 

I, th - 18-87 -1- 19-78 + 22-19 •= 60-84 

J, fH - 20-20 + 21-00 -f 19-77 - 60-97 

I, n, 19-26 + 19-60 + 19-76 58-61 

/, n. - 19-30 -f 18-88 + 20-82 - 69-00 

/, n, 17-20 + 20-76 + 24-62 = 62-47 

Jjfi, - 20-68 + 21-63 + 21-67 -> 63-88 
“ 18-46 -f 20-63 + 23-20 « 62-28 

J. n, - 13-76 -f 20-46 -f 20-76 - 64-96 

nj = 17-97 -f 19-78 -f 19-77 = 67-62 
- 18-87 -i- 21-00 -f 22-70 - 62-67 
J.n, - 20-20 -f 21-96 + 22-19 = 64-34 

Jt**, = 19-26 + 18-88 + 24-62 == 62-66 

J, n, »= 19-30 4- 20-76 4- 19-76 -= 69-81 

n, ■» 17 -20 4- 19-60 4- 20-82 = 67-62 

Table IV 

From (4) of Table III 

Wi - 64-33 4- 60-84 4- 62-47 = 187-64 

R’g — 60-73 4 - 60-97 4- 68-61 = 180-21 

ir, «= 66-06 4 - 62-62 4 - 69-00 = 177-67 

X, = 64-33 4 - 60-97 4- 69-00 = 184-30 

Xg = 60-73 4- 62-62 4- 62-47 = 186-82 

X, - 66-05 4 - 60-84 4 - 68-51 = 176-40 

Fj — 63-88 4- 62-67 4- 67-62 = 183-97 

Fg - 62-28 4 - 64-34 4 - 62-66 = 189-27 

Fg - 64-96 4 - 67-62 4 - 69-81 = 172-28 

Eg - 63-88 4- 64-34 4- 69-81 -= 188-03 

Eg - 62-28 4 - 67-62 4- 67-62 = 177-32 

Eg - 64-96 + 62-67 4- 62-65 = 180-17 


For D (2 D. P.)— 


Table V 


(184-04)* 4 - (184-48)* 4 - (177-00)* 


9 

- 11026-8436— 11021-9286 

- 3-9160 
For S (2 D. F.)— 

(166-67)* 4- (184-47)* 4 (195-38)’ 


9 

- 11072-1198—11021-9285 

- 60-1906 


— C.K. 


— C.F. 



220 


THE INDIAN JOURNAL OF AaBICULTUBAL SOIENOE 


IX 


For N (2 D. F.)— 

(18111)» + (184-43)* -f (179-98)* 

9 


C.F. 


= 11023-1176— 11021-9286 
1-1890 

fl 

For D8 •< > we get from (1) of Table III 

Ij 

7, 67-90 + 61-90 + 66-66 =- 188-46 

7, -= 66-62 + 60-19 68-76 - 180-67 

7, = 61-16 -f 62-38 -f 66-96 = 179-49 
Then DS (7) (2 D. F.)— 


(186-46)* + (180-67)* + (179-49)* 



11024-1774— 11021-9286 
== 2-2489 

Similarly, 

Jj = 57-90 + 60-19 -f 66-96 = 184-06 

7, = 66-62 -f 62-38 + 66-66 =• 184-66 

J, = 61-16 + 61-90 + 63-76 = 176-81 


DS (7) (2 D. F.) 

(184-06)* -f (184-66)* -f (176-81)* 

C.F. 


9 


^ 11026-1660— 11021-9286 
= 4-2376 

fl 

For DN ■< , we get from (2) of Table III 

V 

7j - 62-06 + 60-69 + 66-84 - 178-49 

7, = 60-67 + 62-68 + 60-82 = 184-07 

7, = 68-48 + 61-16 + 63-32 - 182-96 

DN (7) (2 D. F.) 

(178-49)* + (184-07)* + (182-96)* 


= 11023-8674— 11021-9286 
- 1-9389 


Similarly, 

- 62-06 + 62-68 + 63-32 - 188-06 
J, = 60-67 + 61-16 + 66-84 - 177-67 
J, - 68-48 + 60-69 + 60-82 = 170-89 

DN (J) (2 D. F.) 

(188-06)* + (177-67)* + (179-89)* 
9 ~ 


C.F. 


= 11028-6766— 11021-9286 
- 6-7471 
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For SN < , we get from (3) of Table III. 

V 

/j = 62-88 + 62-73 + 66-10 - 180-71 

/, » 62-61 + 64-66 -4- 56-76 = 183-02 

/, ■= 66-62 + 67-04 + 69- 13 = 181-79 

SN (7) (2 D. P.) 

(180-71)* + (183-02)* + (181-79)* 


— O.F. 


- 11022-2264— 11021-9286 
« 0-2969 

Stnularly, 

» 62-88 + 64-66 + 59-13 « 176-67 
J, -. 62-61 + 67-04 + 66-10 - 184-75 
J, - 66-62 + 62-73 + 66-76 - 184-10 

SN (J) (2 D. F.| 

(176-67)* + (184-76)* + (184-10)* 


- 11026-4068— 11021-9285 
= 4-4783 (From Table IV) 


D. S. N. 


W (2 D. F.) 

(187-64)* + (180-21)* + (177-67)* 


- 11027 8936 — 11021 9285 
^ 6-9661 

X (2 D. F.) (Confouiul<Hl with blorks) 

(184-30)* + (185-82)* + (176-40)* 


11028-9651 — 11021-9285 
7-0406 


Y (2 D. F.) 


(183-97)* + (189-27)* + (172--28)* 


11038-7213— 11021-9285 16-7928 


X (2 U. F.) 


(188-03)* + (177-32)* + (180-17)* 


— C.F. 


- 11028-7668— 11021-8286 

- 6-8378 
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PART II 

Analysis of 8* design (81 plots in one complete replication : Two snch reidkations) 

Ah no experimental data are still available in India to illustrate the 
analysis of a ‘ confounded 3* design/ a set of uniformity trial data on sugar- 
cane has been taken to explain the procedure. (For the data please see Ind. 
J. Agtic. Sci. 6 part 3, 1936). 

La this case, we have taken two complete rephcations. The degrees of 
freedom confounded are : — 

8D. F. 

ABO (If) 1 

ABD {¥) > Confounded in the first repheation. 

ACD (Z) 

BCD {X) J 

8D. F. 

ABO (X) I 

ABD (Z) 

ACD (If) )■ Confounded in the second replication. 

BCD {¥) J 

(If, X, Y, Z, have been explained in the first part). 

It will be noted that there are nine sub-blocks of nine plots each in each 
complete replication thus confounding the 8 D. F. 

Total ‘ 8um of squares ’ 

(1) Table lo gives the yields of each plot (162 picks). (For convenience of 
numerical work deviations from 300*0 have been used). 

The sum of squares due to 161 degrees of freedom is calculated from the 
162 plot yields in the usual way, (i.e. the actual sum of squares of all the plot 
yields minus T*/» where T is the grand total and n the number of plots). 
Similarly the sum of squares due to the 18 blocks can be calculated. 

Sum of squares due to 81 treatments 

(2) Table Ila gives the yields of the 81 treatment combinations (3 x 3 x 
3 X 3), tabulated in the standard order as in the case of a 3® design. Sum of 
squares due to 80 degrees of freedom may be calculated from this table, and in 
the present case as some interactions are confounded with the blocks, and 
hence it will be useful only for checking, not necessary for the final analysis 
of variance. The correction factor is the same as in (1) above, viz. (grand 
total)^/162). Each figure in this table being the total of two plot yields (two 
being the number of replications), the sura of the .squares of these 81 totals 
should be divided by two before applying the correction factor. 

Main effects and two-factor interactions 

(3) Table Ilia gives the six two-way tables ixissible for aU the six pairs 
of the four factors. Each figure in these tables is the total of 18 plot yields, 
the marginal totals being the sum of 54 plot yields. The sum of squares due 
to main effects A, B, C and D are calculated from the appropriate marginal 
totals (the divisor being 54, with the usual correction factor). 

Sum of squares due to six two-factor interactions AB, BC . . . . , etc., are 
calculated by forming the diagonal totals /’s and J*b as shown in the table. 
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Three-factor interacliom 

(4) Table IVa gives the four three-factor tai)le8 for calculating the three- 
factor interactions ABC, ABD, ACD and BCD. 

As in the case of two-way tables the grand totals of each of these tables is 
the same as the grand total of all the 162 plots ; each figure representing 
the total of six plots. 

From each of the three-factor tables, the corresponding W, X, Y and 
Z (2 D. F. each) totals are calculated as explained in Part I, and the 
sum of squares ignoring confounding may be calculated from these in the 
usual way, and can be used for checking the calculations as to whether the 
separate sums of squares all add up to the 80 degrees of freedom for treatments 
as shown above. 


Block iotahs 

Table Vo : This table is intended to obtain the tliree-factor interactions 
after the elimination of effects, confounded with the blocks. The nine block 
totals of each of the replications are numbered as shown in the plan and then 
written down in the standard order, viz. : — 

1 4 7 

2 6 8 

3 6 9 

The marginal totab and abo / and J totab of the above arrangement are then 
calculated for each com{)lete replication. 

Table Via shows the procedure adopted to correct the If’, X. T and Z 
totab of the three-factor interactions, in order to get W', X', Y', Z' from w’hich 
the unoonfounded part of the sums of squares are calculated, e.g.. for ABC ; 
W' of ABC (2 D. F.) is confounded in block I. Hence subtract the 
J totals of block I (a) (Table Va) from W to get W'. The general rule is 
that the confounded parts are given by : — 

BCD — Ck)lumn totab (Table Vo). 

ACD — Row totab „ 

ABD — I totab „ 

ABC — J totab 

(See Table VI a). 

The sum of squares due to the unconfounded portions of the thi-ee-factor 
interactions are to be calculated from these totals remembering that the num- 
ber of plots is different according as to whetJier tlie particular If’, A", Y or Z 
b the full value or after allowing for confounding. 

These processes are exactly similar to the case of the 3® design, the opera- 
tions being merely repeated for the four three-factor interactions given in 
Table IV-«. 

Calculation of the sum of squares due to 16 degrees of freedom for the four 

factor interactions 

(8) Table Vll-a : From Table Il-a and i’s and J’s of (a 6) corresponding 
to C’s and D*B taken in succession are entered in Table Vll-a. From these 
W, X, T, Z of (oic) corresponding to d^, d,, <2, are then calculated. These 
may be deeignata^ as Wt, Xe, Ft and Zd for d^, di and d,. 
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Table Vlll-a gives a rearrangement of these values. 

(9) Table IX-u.— The I and J totals of Table Vlll-a for W^, Xj, Y^, and 
Za, give the totals for calculating the sum of squares (8 pairs of 2 D. F.each) 
due to 16 degrees of freedom of the ABGD interaction. 

Full analysis of variance table is given in Table X-o. 

Summary 

1. The data of a 3^ design used for a (cultural experiment on sugarcane at 
Shahjahanpur, during 1938-39) where some of the three-factor interactions are 
confounded in a single replication are used tt* illustrate the analysis in such 
cases. 

2. Similarly for illustrating the procedure for analysing a confounded 
3* design, as no data are so far available in India a set of uniformity trial data 
has been taken. The necessary statistical calculations have been given, and 
particular attention has been devoted to the computation of confounded and 
partially confounded three-factor interactions and unconfounded four-factor 
interactions. 

3. The principles and notation employed in splitting the highest order in- 
teraction in a 3“ design have been explained in a logical way, in the Appendix. 
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Appendix 

Explanation of notations I, J, W, X, Y, Z, etc. 

If I and J denote the symbolic ojwjrators for forming the three diagonal 
totals in the standard way, from a 3 x 3 table written in the standard form, 
it is useful to see how the repeated o])eration of these symbols enables us to 
split the degrees of freedom of the highest order interaction in the case of a 
3” design. 

Let (ab) denote the 3x3 table of ‘ a ’ and ‘ h ’. 

Oo 1 4 7 

% 2 5 8 

a* 3 6 9 

Then AB (I) or in the notation we shall adopt / (o6) will stand for the dia- 
gonal totals I-i, /j, /y of (ab) : — 

/, =1 + 6 + 9 

It =2 + 6+7 
I, =3 + 4 + 8 
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nj 

Similarly J {ab) stands for : — 
j, = 1 -1- 6 + 8 
J, - 2 + 4 + » 

J, -31-5 + 7 

(t) 3x3 design : Four degrees of freedom of the two-factor interactions 
are given by 

1 (ab) ^ 2 D. F. 

J (ab) - 2 D. F. 

(«) 3 X 3 3 design : Eight degrees of freedom of the three-factor inter- 

actions are givini hy : 

I |/ (ab). cj - W (cd>e)* = 2D.F. 

J J/ (ab), cj -A'(<i5c) - 2D. F. 

/ ^,7 (ab), cJ — y (abe) — 2 D. F. 

./ (ab), c| - Z (abe) - 2 D. F. 

(«■») 3 / 3 X 3 3 design : Sijteen degrees of freedom of the four- 

factor ititeraclioiih aic given by ; — 

/ I H (,rf I - bibcd) - 2D. F. 

J > H (uV),d| /' (abed) - 2 D. F. 

/ I X (a/T), d| » Q (abed) - 2 D. F. 

.7 I .V (.dc).d j = li (abed) - 2 D. F. 

/ J }• (<//« ). (/ 1 - .S (oiod) - 2 D. F. 

.7 I y ,/ j - 7' (oTweJ) - 2 D. F. 

7 I ;? ( -7..-,. d| - U (abed) - 2 D. F. 

./ j Z (abe), d} - F (a6od} - 2 D. F. 



Table la 

Data of plot yields (deviations from 300-0 lb.) 

(lirst number indicates the treatment and the second the plot yield) 
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Table Il-a 

Yieids of 81 treatment combinnliona 



bf 6, 6, 6, 6, 6j 


96 

1 

172 

37 

37 

35 

86 

101 

97 

107 

; 109 

63 

97 

67 

61 

233 

17 

22 

51 

1 

90 

124 

87 

61 

^ d 

108 

56 

51 

45 





C/j 






6, 


fc. 

6. 

L, 

b. 

b^ 


71 

13 

107 

103 

69 

23 

80 

86 

97 

67 

52 

121 


131 

22 

119 

48 

17<» 

64 

69 

99 

—54 

110 

d 

64 

96 

82 

114 





Oj 





b. 

6, 

b. 

fr. 

b, 


b. 

b, 

b. 

107 

60 

66 

112 

126 

IIU 

24 

>67 

57 

64 

30 

34 

58 

76 

101 

89 

140 

37 

116 

45 

144 

45 

10 

74 

~ 43 

113 

67 




Table III-a 








b. 

b. 






«• 


731 

845 


691 






595 

623 


866 






420 

, 651 


829 




Cf 


767 

614 


831 






440 

699 


820 

; 



«• 

1 

5S0 

606 


735 

1 

1 
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bo 


6, 

d. 

' 593 

I 

662 

887 


j 661 

700 

817 

dt 

692 

767 

682 


do 

di 

do 

«• 

767 

669 

831 


710 

726 

649 


666 

684 

561 

«• 

821 

703 

688 

Cl 

764 

483 

712 

Cf 

647 

892 

641 


Co 

Cl 

Cl 

«0 

731 

720 

H16 

«i 

667 

734 

693 j 


824 

605 

571 


Main effects 



A (2 D. F) 

- 1247 12 



R (2 D. F) 

3827 I’T 



C (2 D. F) 

593 



n (2 D. F) 

77 '57 



Two-fact^or IntfractvutH 
AB 


h 

-- 731 f 

623 !- 

829 

2 1 H:t 

I 2 

- 695 1 

651 } 

691 

1 937 

It 

- 420 I- 

845 1- 

866 

2131 

■f, 

- 731 i 

651 1 

866 

224 S 

•h 

- 695 { 

845 1 

829 

2269 

•h 

- 420 j 

623 1 

691 

1734 

For AR(i D.F) 




(S.8 « 

S,S. duo to /’t, } 

»S.S. flip 

■ (.< 7 


26267240 

2C. 

F. 



64 



* 4028*9S 
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BC 


/. 

* 767 -{ 

699 f- 

736 


2201 

/. 

-- 440 4- 

806 -4 

831 

■=r 

2077 


- 639 f 

674 4“ 

820 

-r 

1973 


- 767 -i 

806 f 

820 


2393 

Jt 

440 f 

014 \ 

736 


1789 

Jt 

539 } 

699 i 

831 


2069 

For BC (4 D.F.) ns 





26268790 

64 

2 C. F. 




3866-47 





BD 






/, 

- 693 H 

700 -4 

082 


1976 

/. 

- 561 4 

767 -1- 

887 


2216 

/, 

^ 692 1 

662 f 

817 

*- 

2061 


= 693 ! 

7r»7 1 

817 


2177 


- 661 : 

052 -} 

(‘•82 


1 895 


= 592 4 

700 -1 

887 

v_-. 

2179 

For BJf (4 D.F.) 






26132966 

64 

“ 1636-39 

2 i\ 

K. 


.4D 







-- 767 t 

725 : 

5(41 


2053 

/, 

:: 710 , 

0K4 : 

831 


2225 


055 . 

(•09 i 

('•49 


1973 

«/, 

7 07 j 

084 s 

(>19 


21(H) 


710 i 

OiOO i 

5(.l 


1940 


o55 

725 i 

s31 


221 1 


lor AI> (4 fi. F.) Iw’forr 
2iir2(»2H4 


54 

- 1301 '54 
Cl) 



821 

• 483 -f 

04! 

1945 


704 

^ 892 r 

088 

2344 

1. 

547 

703 ; 

712 

1 9(»2 


821 

t 892 5 

712 - 

2125 


704 

i 7o3 

041 

2108 


547 

i 483 i 

0S8 

17 is 

For ( 

/> (4 D.F.i 

as Ix fon 




20402618 

! < . W 



64 



0529 

95 



If 





f, 

731 

i 734 • 

571 

2( (30 

/, 

657 

• 505 ; 

S 1 1'l 

1978 


824 

f 720 

(493 

‘^*^37 


731 

’ 5((5 

♦•93 

1929 


057 

\ 720 ^ 

571 

I94S 


S2I 

J 734 

810 

2374 


Foi Jf' <1 IK F.) 


26213570 

54 

« 3029*06 
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Table IV-o 




*'o 






Ct 



*« 


h 

^^0 


5, 

K 

bt 

b» 


274 

245 

2 1 2 

252 

250 

218 

205 

35U 

261 


I 200 

145 

252 

1 10 

2ti8 

350 

225 

210 

258 

^'2 

233 

224 

367 

78 

181 

240 

109 

246 

210 



do 



•u 



d. 














h. 


K 


bt 

K 

b, 



234 

304 

229 

254 

188 

227 

243 

353 

235 


183 

146 

381 

181 

231 

313 

231 

246 

172 

^2 

176 

202 

277 

126 

281 

277 

118 

108 

275 



do 



d. 



d. 




Cl 

Co 

^*0 

Cl 



Cl 


«0 

305 

157 

305 

191 

215 

263 

235 

348 

248 


209 

351 

90 

240 

148 

337 

148 

235 

206 

a. 

247 

256 

152 

272 

120 

292 

305 

129 

127 



do 



di 



dt 



Co 

Cl 

C; 


Cl 


Co 

Ci 



238 

J8I 

174 

222 

44 

295 

307 

215 

70 

f>. 

325 

157 

I7(» 

ir>4 

330 

216 

135 

212 

420 


( 

25A 

426 

203 

327 

109 

381 

246 

2H5 

151 


i 
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Table IVa — contd. 

Three-factor interactions 
ABC 



<'0 


<*1 

ly 

786 

766 

631 

It 

696 

609 

732 

h 

730 

684 

717 

Jy 

760 

789 

709 

Jt 

872 

606 

791 

Jt 

690 

564 

680 

W 

2012 

2011 

2228 

X 

2202 

2179 

1870 

y 

1936 

2145 

2170 

z 

2106 

2241 

1906 

AIW 


d. 


d% 

/. 

667 

762 

764 

It 

614 

689 

634 

h 

861 

627 

643 

Jy 

817 

848 

583 

J, 

764 

646 

859 

J, 

651 

584 

599 

H 

1989 

2(H>5 

2257 

A 

1918 

2Ul9 

2314 

y 

2062 

1931 

2258 

y. 

22<U) 

221 1 

1780 

iiVU 


d. 

di 

dt 

ly 

59S 

933 

670 

ly 

926 

668 

490 

ly 

609 

587 

881 

•fy 

834 

547 

U»I2 

Jt 


579 

501 

J, 

589 

952 

528 

H 

2037 

2182 

2u32 

A 

1676 

2739 

IH37 

Y 

1941 

2673 

1637 


2287 

1784 

2180 

AVD 


d. 

di 

d% 

ly 

808 

631 

597 

If 

830 

623 

526 

It 

494 

824 

919 

Jy 

Jt 

661 

648 

630 

57H 

747 

623 

Jy 

903 

683 

788 

W 

2360 

2261 

1660 

X 

2167 

2380 

1714 

Y 

2186 

1891 

2174 

Z 

1967 

3014 

3380 
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Tablk V-a 






Block 1 


312 

1 



426 


334 

1071 

496 



426 


434 

1365 

600 



617 


396 

1512 

1308 



1467 


1163 


i. = 

312 

+ 

426 \ 

395 

- 1132 


J, = 

496 

f 

617 ^ 

334 

- 1447 


/, 

600 

-i 

426 1 

434 

-- 1369 


J, = 

312 

+ 

617 -f- 

434 

1363 


J, -= 

496 

-f 

425 -f 

395 

- 1316 


J. = 

600 

+ 

425 + 

334 

= 1269 






Block 11 


242 



471 


293 

1006 

-30 



382 


41 

311 

348 



394 


254 

996 

660 



1247 


600 



242 

-f 

382 4 

254 

- 878 


= 

-30 

-f 

394 t 

293 

- 657 


^3 ~ 

348 

r 

471 ^ 

41 

778 


J , — 

242 

-1 

394 

41 - 

596 


J, - 

- 30 

-1- 

471 1 

254 

695 



348 

-1 

382 i 

293 

1023 



H 

2012 

2011 

2228 

(H’)' 

1363 

649 

1316 

695 

1259 ./7s totals of TahU* Vo Block — 1 
969 

X 

2202 

2179 

1870 


696 

1607 

695 

1484 

1023 JV totals of Table Va 11 

847 

(K) 

1936 

2145 

2170 

t«) 

2106 

2241 

1905 

(M'J 

- 68266 18- 

66049 - 

2217- 18 


(X) = 203782— 191 454 - 8« 12327 10 

(F) - 241816-20 - - 241203-71 » 611 

(E) - 242261-68 — 241203-71 - l067-»7 



ABD 


BCD 


ACD 
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(F) 

TT/ 

2062 

1132 

1931 

1447 

2258 

1369 J’s totals of Table V Bl- 

~T 

Y 

930 

484 

899 


iZ) 

7/ 

2260 

87« 

2211 

667 

1780 

778 /’« totalB of Table V Bl- 

--II 

1382 

1554 

1002 


(H) 

1989 

2006 

2267 


(A) 

1918 

2019 

2314 



{¥) 

( 7 ) 

(H) 

(A’) 


70642-86 -- 66049 = 4693 ■ 86 
197364-59- 191464-86 = 6909-73 
242040-66 -- 241203-71 = 836-94 
242771-87 - 241203-71 -- 1668 16 


A' 


X‘ 


r 

V 


(H) 

{Z) 

(A) 

(Y) 

(W) 

{7A 




./)' 

w 

(If)' 

(A) 

(f) 

{Z) 

(»•) 

(A) 

(!•) 


1675 

2739 

1837 

1308 

1467 

1163 Column’s total of Table V. 

367 

1272 

674 Block 1 

1941 

2673 

1637 

560 

1247 

506 t'ulniiiirs total of Table 

1381 

1426 

1131 Block II 

2037 

2182 

2032 

2287 

1784 

2180 

81738-85 — 

06049 16689-85 

193325-85 - 

- 191454*86 - 

1870-99 

241472*54 ~ 

241203*71 « 

268*83 

243Hm -17 > 

- 241203*71 

2600*46 

1957 

2014 

2280 

1071 

1355 

1512 Row’s totals of Table V, Block 

886 

659 

76^ 

235i> 

2251 

1650 

urn 

311 

996 Block II. 

1344 

1940 

654 

2167 

2380 

1714 

2186 

1891 

2174 

67(H)3*74 — 

66049 *= 954- 

74 

222135-26- 

- 191454*86 - 

3U68O-40 

245460*09 - 

241203*71 - 

4250*38 

242236 *17 - 

- 241203*71 - 

H»32*46 




Jt 

J, 


iW) 

(A) 

(A) 

(^) 


Tablr Vll-a 




^0 

^ 1 

Ct 

283 

200 

168 

236 

203 

176 

302 

355 

204 

283 

331 

203 

406 

200 

159 

133 

233 

185 

690 

759 

683 

813 

646 

673 

668 

841 

623 

076 

921 

536 
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rfi 



Cq 


^1 

/, 

222 

298 

242 


263 

128 

298 

/, 

218 

57 

352 

Jl 

281 

235 

332 

Ji 

179 

148 

319 

'h 

243 

UK) 

241 

(IF) 

702 

562 

814^ 

(X) 

577 

913 

588 ) 

(Y) 

670 

611 

797/ 

(YA 

7(K) 

655 

723 J 



rf. 



<*0 

r, 

^1 

/, 

281 

262 

221 

h 

J97 

178 

259 


210 

272 

161 

Jl 

186 

223 

174 

J, 

288 

258 

313 

•/» 

214 

231 

154 

(H-) 

620 

690 

73n 

(A') 

812 

620 

609 ( 

(V) 

598 

693 

750 f 

(A) 

73t» 

665 

646 J 


Table Vlll-a 



Four-factor 

interacliom 



d. 

dy 


M'l 

690 

702 

620 

IF, 


562 

690 

H-, 

683 

814 

731 

A, 

813 

577 

812 

A, 

646 

913 

620 

A, 

673 

588 

609 


1". 

668 

67(» 

598 

A, 

841 

611 

693 

Y, 

623 

797 

750 




676 

921 

536 


700 

655 

728 


730 

665 

646 
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Table IX-a 
From Wd 

/, ■= 6»0 + 662 + 731 = 1983 

/, « 769 + 814 + 620 •= 2193 

/, - 683 + 702 + 690 = 2076 

J, » 690 + 814 + 690 =, 2194 

- 769 + 702 4 731 = 2192 
Jf - 683 4 - 662 4 620 1865 

484146 07 — 482407-42 1738-65 (4 1>. F.) 


From Xd 

7, = 813 4 - »13 + 609 = 2336 

7, 646 4 - 688 + 812 2046 

7, «= 673 4- 677 4- 620 = 1870 

J, 813 4 588 620 = 2021 

J, ^ 646 -f 577 -f 609 = 1832 

.7, - 673 4 913 4 - 812 - 2398 

487524-26 - 482407-42 5118-84 


From Yj 

7, 668 -f 611 4 - 750 -- 2029 

7, 841 + 797 i 598 2236 

7, - 623 4 670 4 693 - 1986 

668 4- 797 f 693 -= 2168 
J', 841 4 670 ^ 760 = 2261 

623 4 - 611 4 - 698 = 1832 
484926-70— 482407-42 -= 2619 28 

From Zd 

7, -= 676 4 - 666 4 - 646 - 1976 

7, «= 921 + 723 4 "30 -- 2374 

7, - 636 4 - 700 4 - 666 - 1901 

J, -. 676 4- 728 -f 665 2063 

J, - 921 4 - 700 + 646 = 2267 

J, o 636 4 - 666 4 - 730 1921 

486981-33 — 482407-42 -> 3513-91 
ToUlfor 18D. F. - 8613-91 + 2619 28 4 - 6118-84 + 1738-66 
- 18890-68 
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Table X-a 
Analysis of variance 




Degrees 

1 

1 

; Sums 


Due to i 

of 

of 

Mean square 


! 

freedom 

: Sijuares 


Total 

1 

1 

161 

213707*29 


Main effects 

^ i 

2 

1247*12 


B 

2 

3827*27 



c ! 

2 

.593*05 



1) : 

2 

77*57 


Two-factor interac- 

AB 

4 

4022*95 


tions 

AC 

4 

3029*06 


AD 

4 

1301*54 



BC 

4 

3866*47 



BD ! 

4 

1536*39 



CD ; 

4 

6529*95 


Three-factor interac- 
tions 

ABC(W') [ 
ABC (X') 

2 

2 

2217*18 

12327*11 

j 

1 Partially confounded* 


ABC {¥) 

ABC (Z) 

2 

»> 

611*49 

10.57*97 

1 Unconfounded. 


ABD {W} 

ABD (X) 

2 

•> 

836 94 
1568- 16 

1 Uiioonfounded. 


ABD (¥') 

ABD {Z') 

2 

2 

4593*85 

5909*73 

1 Partially confounded. 


ACD {W') 

ACD (Z') 

*> 

2 

.306SO-4U 

9.54*74 

1 Partially oonfoundui. 


ACD iX) 

ACD {¥) 

2 

2 

103*>*46 \ 


BCD (X') 

BCD (¥') 

2 

o 

150S9 8.5 j 
1870*99 J 

; Partially confounded* 


BCD (W) 

BCD (Z) 

.» 

2 

208*83 1 
16(M)*40 ) 

Unconfounded. 

F^ur-factor interac- 

ABC( W) D 

4 

1738*65 


tions 

ABC (X) D. 

4 

5118*84 



ABC {¥) D, 

4 

2519*28 



ABC (Z) D 

4 

3513*91 



I^locks 

17 

52890*84 



ilemniiider 

04 

36417*80 



Total 

161 i 

213707 29 



W\ X', etc., liave b<.*en computed from the block hero they are not ooi^oiliMled (tm 
method of calculation see Table VI). 



NOTES 

NOTICE No. 4 OF 1939 

T he following plant qnarantine reixulatioris and iini)ort rcHtrictions have 
been received ill llic Imperial (onm i! <i(‘ Ai^rieultural Researcli. Those 
interested are adviHe<l to apply to the Se<T(darv, lmf»erial Couruil of A^n-ieul- 
tural Research, New Delhi, for loan. 

1. List of V, S. Defaktmknt <*v AouirrLTriiK, l^i kkai or Entomology 
AN i> Plant Quarantine, skuvice am> uecu latohv Announcp^ients 
I. Qanrantine and o//or o[lir{tfl anNoufirfnif ffts 

(i) Japan* V' Qaarantiu* (Sn fS) -Modifi<*atioii of rejnilationH. 

(ii) Pink Holhi'^fna (Jnara (A’o. V?). MfKlifieations of rejriilations:- 
(fi) tou<ld okra to the list of aith le^ interstate ino\einent of whieJi 
hi rcvstrieteil from re;.riilat<*d areas. 

(h) to further exten<l the re;:iilated areas. 

2, tSntnntari* ^ of plant (fuaranthn imptat r* Mriciiuns 
(/) liritUh Pohanj of Ih rmuda He\ ision of tla^ (ii^ie.sf 
(ii) Htpuhlir rf t 'ffhaiihia . AnlhorisiHl pf»rt.N of entry 
(tii) fii jaihlic tf Aru*niiua, IMaut.> aiid pait^s oi }>lant> of K<v,saeeae. 
(ir) Polonp and l^rot* rtnrat* if Kf Ufpt, Importation ot hoil ]Tohihit€Nl — 
Kruits to be eertitied — .\ddition to restrirted ar(*as. 

(r) Mfjtiro, -Kxtiaisiou QuaiMiitine No 12 amended — Alfalfa Weevil. 
(n) tUdnt. • Imp<irtatiou of cotton into iA Pines prohibited. 

II. Dthku announcements 

Jamaica (li, \V /.). (ioxerument X<itiee Xo. I lb — Kestrietitm of mi- 
portation of Hee<I potatoes, 

Kenya , — (•overnment X<»tiee Xo i»»H — Addition 1 o the list of restricted 
KtHNls — Pot at IK'S. 

Malta, AUi\cvn\wnt Xtitn^e X<». Ibl — (*olorado Beetle — Import restric- 
tions regarding {dants etc. 

THE 28ih INDIAN SCIENCE CONGRESS, BENARES 

JANUARY, 1941 

I)lSCrS8IONS FN THK AoKICCLTI'KAL !SECTI 0 X 

T HE Agricultural {Sectional ('oiniiuttw proinises to lu>lfl Discussions on the 
following suhjiH'lM (luring the next Session of the Inciian Scienre Congress 
to be held at Itenart's early in January Iti-tl. Scientitic workers in India 
who deHire to tx)ntril)Ule j»a|H'rs to the uliove diseiissious art* n'tjuested to 
oomniunicate with the undersigned. The Hides ot the Indian Science Congix'ss 
Aasociatiun require that authors of such contributions should be mend>ers of 
the Association of some category. 

( 237 ) 
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DiSOCrSSIONS 


1. Drought resistance in plants. 

2. The need for the exploration of wild forms for the improvement of 
crops. 

3. Quality in crops. 


10 February 1940 
Indian Institute of Science, 
Hebbal P.O., Bangalore. 


C. N. Aohabta, 
Recorder, 

Agricultural Section. 


THE OIAYNARD 6ANGA RAM PRIZE 

A pplications are invited for the award of the Maynaixl Ganga Ram 
Prize of Rs. 2,000 for the two years ending Slst December 1940, for a dis- 
covery or an invention or a new practical method which will tend to increase 
agricultural production in the Punjab on a j)aying basis. Competition for 
the prize is restricted to non-officials only, irrespective of caste, creed or nation- 
ality. Government servants are not eligible on this occasion. Essays and 
theses are not accepted. The prize will be awarded for something practically 
achieved as a result of work done after the prize was founded in 1926. Com- 
petitors in their applications mu.st give a clear account of the histoiy’ of their 
invention or discovery and must produce clear evidence that it is the result 
of their own w'ork. In the case of an improved crop details of parentage, 
evolution and history and a botanical description are necessary. 

The Managing Committee rc.stwvcs to itself the right of withholding or 
postponing the prize if no satisfactory achievement is rejmrted to it. 

Entries should reach the Director of Agriculture, Punjab, Lahore, not 
later than Slst December 194U. 


W00DH0T7SE MEMORIAL PRIZE 

I N memory of Mr. E. J. Woodhouse, late Economic Botanist and Ihineipsl 
of Sabour Agricultural College, who was killt^d in action in France in 1917, 
a biennial prize in the form of a silver medal and books of a combined value 
of Rs. 100 will be awarded to the writer of the best essay on a subject to be 
selected from the list noted IkjIow. The length of the essay should not 
exceed 4,000 words. 

The competition is open to graduates of Indian Univereities and to 
Deploma holders and Licentiates of recognized Agricultural CoUeges in Tfnila 
who are not more than 30 years of age on the date of submissioin of their 
essays. 
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Papers shoold be forwarded to the Director of Agriculture, Bihar, Patna, 
befoare the 30th June 1940. 

Failing papOTs of sufficient merit, no awar<l will he intwle. Essays must 
be typewritten on one side of paper only. 

SUBJECrS FOB XSSAT 

1. The importanoe of physiological studies in mfslem plant hreedins. 

2. Dominant ejMscies as an index of soil texture. 

3. Modern methods of inducing mutations and polyj)l<)idy and their value 
for Indian agriculture. 

4. Problems^of wheat improvement in India. 



REVIEWS 

Biological Abstract 

M en engaged in research in medicine, ])ublie health, ecology, agriculture, 
forestry, botany or zoology, geograpJiy, and otlior fields, will welcome 
the announcement that Biological Abstract'S is undertaking a more complete 
abstracting and segregation of the current research literature in bioclimatology • 
and biomeieorology. Tho section Biorlimatologt/^BiomeieoroIogy will appei^ 
within the socdion Bco/ogy in Biological Abstracts^ and will be under the edi- 
torship of Mr. Robert “(^ Stone of the Blue Hill Observatory, Harvard 
University. 

The increasing interest in <limatie and meteorological factoiH in their 
relation to biology, medi(*ine, and agricultine is one of tlie significant trends 
of modern science. Ecologists Jiave long appreciated the importance of 
temperature, humidity, radiation, baroinetrh* pressur<% wind movement, and 
meteorological factors generally, as important factiirs in controlling the distri- 
bution and abundance of animals and ])lants. Foresters, horticnltiirists, and 
entomologists have likewise been (‘oncenied with the interrelationshijm of 
climatic and meteorological factors to the organisms with which they work. 
The developments of air conditioning and aviation have lately brought other 
important resciU'cli groiijis into the held resulting in an incrciising amount of 
research. This is often the work of individuals and groups not now' in effective 
contact with biologists, and frecpiently appc'ars in pcricKlic*als not comn^only 
consulted by biologists. 

In all civilized nations diverse* research groups have sprung into being 
which, thougli they often devote* inu»*h attention to th<‘ same fundamental 
natural forces, still work in ])ra('tii al isolation from other, with a different 
backgiouud of training, and asso<*iations. b<*longing tcMlillcnait societie^^ meet- 
ing at different times and ])la(‘es. publishing in different journals, reading 
different literature, investigating cliffcrent types of things. Thetie groujis. 
however, are beginning to apply f ommon klciis and common methcKls to the 
study of situations that are biusically similar. For example, techniques and 
concepts derived from a study of the influence of w'f‘ather factors on the spread 
of influenza or the common cold rin* likely to ha\e a very high transfer value 
as applied to tlie study of the spread oi survival c»f plant disofiKc* or economic* 
insects. Conversely, it should be pc^ssiblc for rc?^(*ar(*li workers in the field 
of public health to make use of many finding.'^ of the entcanohigists, foresters, 
ecologists, plant ])athologists, and other biological grou|>H, 

The abstracting journals of broad hcojk *, like Biologi(Ml Abstra^ia, 
mirably suited to the sort of synthesis of fundamental knowdeclge that this 
situation demand.s. In augurating this .service* Biological Abstracts will 
fulfiUii^ one of the functions for which it w'as originally intended : that of 
providiiig an effective tool for i’c.st»an*h workers by e<K>rdinating the literature 
of border-line fields. 

Under the sectional publication plan this material will be found, at pre- 
sent, not only in Section A, Abstracts of general biology, but also under 
Section B, Abstracts of experimental animal biology. Section D, Abstracts of 
plant sciences, and Section E, Abstracts of animal sciences, 

{ 240 ) 
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ORIGINAL ARTICLES 

THE GKNUS FUSARIUM 

III. A CRITICAL STUDY OF THE FUNGUS CAUSING WILT OF 
GRAM {CICEB ARIETINVM L.) AND OF THE RELATED SPECIES 
IN THE SUB-SECTION ORTHOCERA, WITH SPECIAL 
RELATION TO THE VARIABILITY OF KEY 
CHARACTERISTICS. 

BY 

G. WATTS PADWTCK 

Imperial Mycologist, Imperial AgricuUnral Research Instituie, New Delhi 
(Receivc'd for publication on 21 Nov^‘mb«*r 1939) 

Inteoduction 

I N the second contribution of this series. Prasad and Padwiek fl939J des- 
cribed briefly the fungus causing gram wilt, and gave i-easons for placing 
it in the sub-section (irthocera of the main section Elegans in the genus 
Fusarinm, They pointed out that it was impossible to make any more definite 
statement without carc*fuUy comparing the fungus with all known species 
of the sub-section and without a thorough understanding ol the range of varia- 
bility of the isolates. The necessaiy’^ study has now been made and the many 
facts established are l^eld to throw considerable light not only on this parti- 
cular fungus but also on the whole sub-section to whir h it belongs. The 
section Elegans is of gn‘at importan<>e from j>Iant pathological considerations. 
It has perhaps eight representatives so far known in India some, if not all 
of which cause havoc amongst cultivated C'foi)s. A thorough understanding 
of the range of variability <»f these fungi is necessary if we are to place identi- 
fications, and therefore breeding for disease resistance, t)n a sure footing. 
It i« for this reason that the sub-section Orthooera has betm subjected to such 
an elaborate study. 

The sub-section Orthoc^ra has, according to the c lassification of Wollen- 
welier and Reinking | 1935 ], five species, and with ^'arieties and forms the 
total numbtn* of representatives i.s twelve. Eleven of these were secured for 
this work from the Gentraalbureau voor Schirainelcultures, Baarn. Holland, 
the remaining representative being Fusarimn congluiinans var. citrinum 
Wr. ( - Famrium citrinum Wr.) which was not obtainable at Baarn and which 
WoUenwebor no longer has in his collec'tion. These, together wdth the gram 
wilt fungi and a species isolated from a wilting linseed plant {Linuvi usiiatis- 
simum L.) from Karnal, Punjab, were the fumri studied. The complete 
list of fungi is therefore as foUow's : — 

F. bosirycoides Wr, and Rkg, (Baani) 

F. conglutinans Wr. (Baam) 

JP. congluiinans Wr. var. beiae Stewart (Baani) 

F. congluUnans Wr. var. caUiskphi Beach (Baam) 

F. orthocems App. and Wr. (Baam) 

JF. arthoeeras App. and Wr. var. apii (Nelson and Cocliran) Wr. and 
Bkg. apii Nelson and Sherbakoflf) (Baam) 
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F. orthoceras App. and Wr. var. /. 1 Wr. and Rkg. {t^iF. apH 
var. paUtdum Nelson and Sherbakoff) (Baarn) 

F. orOtoceras App. and Wr. var. piei Linford (Baam) 

F. orthoceras App. and Wr. var. lon^uis (Sherb.) Wr. (Baam) 

F. anguslum Sherb. (Baam) 

F. Uni Bolley (Baam) 

F. Uni Bolley ? (isolated from Kamal, Puiqab) 

Fusarium species causing gram wilt (here designated P67, but wdled 
‘ Type 2 ’ by Prasad and Padwick) 

Fusarium species causing gram wilt (here designated P92, but called 
‘ Type 7 ’ by Prast^ and Padwick) 

Fusarium species causing gram wilt (here designated F93, but called 
‘ Type 8 ’ by Prasad and Padwick) 

The key to the identity of Orthocera Fusaria given by WoUenweber 
and Reinking omits F. Uni. The characters necessary for distinguidhing 
these fungi ate as follows : — 

(1) Presence or absence of pionnotes. 

(2) Type of conidiophores (with bostrychoid branching or simple to 

branched in whorls). 

(3) Colour of stroma (pale, brownish white to flesli-oolonred or red, 

violet, reddish brown or mst-red). 

(4) Type of pleotench 3 rma — emmpent or smooth. 

(5) Sizes of oonidia. 

(6) Pathogenicity. 

These characters have been studied with the exception of the type of 
conidiophores (no sign of bostrychoid branching was found) and pathogenicity, 
a character which had to be taken for granted. Four experiments were con- 
ducted : 

(1) The effect of different plant extract media, commonly used in the 

identification of species of Fusarium, on the key charactera. 

(2) The effect of temperature on the key characters. 

(3) A study of pigment production by Fusarium orthoeeras var. opt* 

/*• 

(4) The influence of asparagine on the key characters. 

The effect of different plant iextraot media, CCnOIOHLT USBD xw 
THE IDENTIFICATION OF SPECIES OF FOSARICM. ON THE KEY CHARACTBBS 

The media used in this experiment were the following : — 

Two per cent Potato Dextrose Agar. 

Five per cent Potato Dextrose Agar. 

Potato cylinders. 

Steamed rice. 

The media were prepared in the precise manner indicated by WoUen- 
weber, Sherbakoff, Beinking, Johann and Bailey ( 1925 ], except riee 
had to be steamed more than three times as proposed by these woiicen, in 
order to ensure complete sterilization under Indian nnnd ’ t i on B. 

Cultures of the fungi were prepared on oatmeal agar for use in 
the agar slants of different media. When sufficiently grown, w«m 

made of small portions of agar and mycelium to the four medi*. 
tubes being prepared. * 



Ill] 


the OEKUS FUSA.HWM, III 


243 


It was intend^ to keejp the tubes at a constant temperature of 20®C, 
but sinoe at the time the difference between day and night temperature in 
the laboratory was sometimes as much as 18®C arid only an ice-box was avail- 
able for the purpose, great accuracy was not possible. During the first few 
days the temperature of the tubes was regularly 20'’C in the morning but rose 
to 24® or 26®C for a brief period in the evening. After the first week the 
temperature remained steady at lAJ® to 20J°C for the next twenty days, by 
which time observ'ations were completed excepting a few notes of minor 
importance on colours of colonies and substrata. 

Ckilours of the aerial mycelium and the substrate (i.e. the agar surface) 
were noted on the ninth and twenty-first days after inoculation. They are 
recorded in Tables I to IV. On the forty-fourth day the colours of the rice 
substrate were ^ain noted. No change had occurred since the twenty - 
first day. Sufficient quantity of two jter cent KOH solution was then passed 
into the tubes to cover the agar slope. The following day the colours were 
again noted. They are recorded also in Table I. The colour nomenclature 
of Eidgway [ 1912 ] was used throughout this work. Notes on abundance 
of aerial mycelium, presence or absence of a ‘ stroma and type of conidia 
in the aerial mycelium, taken on the 22nd to 24th days after inoculation, are 
recorded in Tables V to VTII. Measurements of fifty microeonidia of each 
culture on potato dextrose- agar were made on the nineteenth and twentieth 
days. These measurements are given in Table IX. 

The following are the conclusions of main importance drawn from ex- 
periment 1 : — 

(1) Apart from (♦) pale Russian blue aerial myceliiim produced by F 

orthoceras var. pt«i on two per cent |)otato dextrose agar, and 
(ii) certain very pale and indefinite colours such as, ivoiy j ellow. 
sea-shell pink, salmon buff, etc., all the cultures produced white 
aerial mycelium and a white or pale colour on the surface of 
the substrate or plectenchymatous stroma, or else produced 
a purple or closely related hue varjnng in tone and shade in 
both aerial mycelium and substrate, which always became plun 
purple or of a bluish violet hue on addition of KOH. The 
fun^p thus fall in three groups : — 

(а) The blue pigmented fungus. F. orthoceras var. pun. 

(б) The purplish pigmented group, including F. bostrycoidea, F. 

orthoceraa, F. orthoceraa var. apii, F. orthoceras var. longvts. 
F. ofigturlttffi, F. Uni. 

(c) The non-pigmented group, including F. conglutinans, F. con- 
gUUinana var. betae, F. eongluHnans var. cMisUphi, F. oriho- 
eera$ var. apU /.I, the gram wilt organisms. 

Thus wh«!eas aU varieties of F. conglutinans were non-pig- 
mented, the five forms of F. orthoceras fell within three groups. 

(2) The pigments were produoed best on rice. On five per cent potato 

dextrose agw only F. angustnm and F. Uni produoed a definite 
pigment, on two per cent potato dextrose agar only F. Uni 
produced it, potato cylinders were quite unsuitable for 
p^pneot prodnotion. 
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(3) The colours present on the twenty-first day were generally speak- 

ing only an intensification of those on the ninth day. 

(4) The fungi varied greatly in amount of aerial mycelium produced. 

Potato cylinders and five per cent potato dextrose agar were 
generally speaking very unfavourable for its production, though 
three cultures produced abundant mycelium on the former 
and two cultures which produced none on the former f)rodueed 
abundant aerial mycelium on the latter. Within the five 
varieties or fonns of F. ofthoceras and the three varieties of 
F. conglutinans there was no relationship at all as regards 
abundance of aerial mycelium. 

(5) A true ' stroma * was absent throughout, but a plectenchymatous 

mat of hyphae reminiscent of a stroma sometimes occurred. 
This was not produced on rice mush or potato cylinders. On 
two per cent potato dextrose agar it was produced by the three 
varieties of F, amghUinan^ and the three gram wilt organisms, 
and on five per cent potato dextrose agar b\' the three varieties 
of F. conghitinans, the three gram wilt organisms, F. orthoctras 
var. pisi and F. orthoceras var. longtns. 

(6) Steamed rice was not suitable for producing <‘OTiidia in the aerial 

mycelium. F. orthoceras var. pisi produced ('onidia in the aerial 
mycelium only on two per cent potato dextrose agar, and then 
only a few spores. All the other cultures lKd)avetl more or less 
alike, and all the media except rice were suitable for pnKluc^tion 
of spores in the aerial mycelium whenever the latter wtis formed. 

(7) All the cultures were alike on all media in tJie following character- 

istics : — 

(i) None produced ehlamydospores by the twenty second to twenty- 

fourth days after inoculation. 

(ii) None produced sclerotia. 

(iii) None produced sporodochia or pionnotes. 

(iv) The only conidia ])roduced were those in the aerial mycelium 

and they were continuous, ovoid to spindle-shaped or slightly 
curved, rounded equally at both ends, and home singly (not 
in false heads or chains). 

These facts have therefore not l>een recorded in the tables. 

As regards measurements of spores, there was a highly significant differ ^ 
ence between the longest 8i>ored isolate F 03 (the gram wilt fungus), and the 
shortest spored, P 85 (F. orthoceras var. apii /.I). The figures are as fob 
lows : — 


Isolate 

Mean length (fi) 

f 

1 B. E. 

( i 

Difference 

i 

8. E. of diffetrenoe 

F 86 

70 

1 

t 

I 


F 83 

11-0 j 

0-04 / j 

40g 

0'e7n 
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If we take the means of the authentic cultures only, we have F 85 as the 
shortest spored isolate, and F 84 as the longest spored, the figures being as 
follows : — 


Isolate 

Mean length (|i) 

S. E. . Difference 

S. E. of difference 

F 88 

70 

o- 2 n 





0-51pL 

F84 

) 

10 7 

0-46 J 



This diflfercntie is again highly significant, and it will be noted that both 
F 84 and F 85 are forms of F. orthoceras var apii. It may be added that the 
gram wilt organism F 93 had significantly larger conidia than the other two 
gram wilt organism^, F 57 and F 92. 

Table 1 

Colours of aerial myceiium and surface of suhsiraU of rice cultures on the ninth 
ami tuenty-first days^ and after adding potassium hydroxide on the forty- 
fourth day 


Culturr 

Aerinl myMltum 


Surface of Subatrate 

Oth dsy 

2tttd«y 

9th day 

21st day 

44th day 

(witli KOH) 


r 70 F, b^tiryrpi' 

Wlilt« 

WlUte 

Vimu'couH drab 

VinaccouA drab 

Blue-Tioiet black 

ties 



aiid Payiw’h gray 



F KO F. rony/ti/f 

WhlU* . 

While 

Seaahell {drik 

White and aeaahcll 

White 

nan# 



pink 


F 81 F, eongluii- 

White . 

White . 

rncfaanged 

rncliaoged 

Honey yellow 

nans vnr. 




F 82 F. ton^uli- 

White 

White . 

I>o. 

Ivory yellow 

laabella eolour 

nans vnr. mJh- 






F 88 iF . arthtiasrus 

White . 

Whhe end old 

Orange \innre<nis 

PeriUa purple 

Dull bluiah riolei 



roee 




¥ Hi F. artSaesras 

White . 

NVliheendold 

Ught p^rlila 

Dark perilla purple 
and light perUU 
purple 

Salmon buff 

Dark dull bluiah 

T»r, ajni 


roee 

purple and liglit 
plnkbh lilac 
Salmon bull 

violet 

FS^F.artSaesras 

White . 

White . 

White 

rmr. apU/.l 






F 78 F. artkamas 

While . 

Whtte . 

Cnebanged 

l^ttchanged 

Deep mouae grey 

w. 




F 88 F. vfihtmms 
vnr. Umeuis 

White . 

White, helle- 
bore red end 

IJght perilla purple 
and light plnkiMi 

Dark periUa purple 
to light pinkbb 

Plum purple 

¥ 87 F. angustam 

WblU . . \ 

ergyle purnle 
W'hltc, nelie* 

lilac 

Ught periUa purjde 

lilac 

Dark periUa purple ^ 

Plum purple 



lH>re red end 

and rhodonite 

to biahop'B purple , 


F74F.«n< . j 

\ Wblte MKi ; 


pink 

LUtht perilla purple 

l*urpUah lilac 

Plum purple 


purplieh Hlec 

puridbh lilac 



F » F. UsUl 

White . . 1 

Wlilte and 

PeriUa purple and ' 
light puiklahlilae 

Dark perilla purple ' 

1 

j 

Plum purple 

<K«nuil) 


I oennge vine* . 


F 87 Ofmm wilt 

White . 

eeoQa 

White . 

Unchanged 

Uaobaoged . j 

Seafoam green 

_ omatsiii 

F 0* Gimm wUI 
onsnimi 

F^<^ Witt 

mmm 

White . 

White . 

UnohanSed 

Unehanged . { 

(kmuk huff 

While . 

While . 

Unehanged . j 

Unehanged 

White 
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Table II 

Colour of aerial mycelium and surface of substrate of potato o^inder cultures 
on the ninth and twenty-first days 



Aerial mycoliom 

Soifkee of aoboirmte 

Culture 

9th day 

21st day 

9th day 

Sletday 

F 79 F. bottryeoidet 

White 

White 

Pale olive buff 

Ivory yellow 

F 80 F. omtgMiwant 

White 

White 

Ivory yellow 

Ivory yellow 

F 81 F. eongliOinant var. betae 

White 

White 

Ivory yellow 

Ivory yellow 

F 82 F. conghUinant var. cal- 

White 

W'hlte 

Ivory yellow 

Ivory yellow 

litUmhi 

F 83 F. orthoeerat 

Lacking 

Lacking 

Ivory yellow 

Ivory yellow 

F 84 F. orthoeerat rai. apii 

White and light 

l^acklng 

Ivory yellow 

Ivory yellow 

pinkish lilac 



F 86 F. orthoeerat var. apiif. 1 

I.ackiiig 

Lacking 

Ivory yellow 

Ivory yellow 

F 78 F. orthoeerat var. piti 

White 

White 

White 

ColoiirlMi 

F 86 F. orthoeerat var. longuit 

Whit© and light' 

Lacking 

Ivory yeliow 

1 Ivory yellow 

] 

F 87 F. anguttum . 

pinkish lilac 

White and agera- 

White and agera- 

Ivory yellow 

\ Ivory yellow 

tiirn violet 

tum violet 


F 74 F. Uni . . . , ‘ 

White with traces 

White 

Ivory yellow 

, Ivory yellow and 

F 20 F. Kwt ? (Kamal) . . j 

of purplish Mack 
White and pur- 

White and pur- 

Ivory yellow 

^axgyle imde 
' Ivory yMlow 


plish lilac 

plish lilac 

White 


F 67 Gram wilt organism . { 

Mbit© 

Unehnaged 

; Ivory yellow 

F 92 Gram wilt organism . | 

: Whit© 

WliUe 

ITnchanged 

Cnehanfed 

F 93 Gram wilt organism . | 

White 

White 

^ Ivory yellow 

Ivory yellow 


Table HI 


Colour of aerial myrelium and surface of substrate of two per cent potato dextrose 
agar cultures on the ninth and twenty-first days 


Calture 


F 79 F, boHrycoides 
F 80 F, conglutinanti 
F 81 F. conglutinant var. beta^ 
F 82 F, conglttHnant var. cal- 
F 88^. orthoeerat 
F 84 F. orthoceroM var. apix 
F 86 F. orthoeerat var. apiif.l 
} 78 F. orthoeerat var. piti 
F 86 F, orthoeerat var. longuU 
F 87 F. amguetim . 

F 74 F. Ivm .... 
F 20 F. Uni ? (Kamal) . 

F 67 Qrai^i wilt orgaiitoni 
F 92 Gram wilt organiuii 
F 98 (ijurn v >te organ^iint . 


Aerial myrelum 
9th day 2l9t day 


White 

WhIU* 

Pale olive buff 

White 

Whit© 

Whit© 

White 

W'hlte and light 
gull grey 
Whit© 

White and light 
pinkish lilac 
White and pur- 
pUali lilac 

White and light , 
MrUJa purple ! 
White and salmon I 
buff j 

White 

Whit© 


White 

Whit© and glatirus 
blu© 

White 

White 

White 

White and pale 
salmon colour 
White 

White and i>al©| 
Russian blue 
WWte and shell 
jdnk. 

White and pur- 
plbih lUac 
W'bite and pur- 
plish lilac 
White and light 
jieriUa purple 
White : 

White 

White 


Bnrflaee of subateate 


9ti}day 


Pale olive buff 
White 

Pal© olive huff 
Ivory yeUow 
White 

Ivory yclkm 

White 

White 

White 

White 

Purplliib lilac 
White 

Ivory yellow 

White 

White 


Slat day 


Ivory yellow 

White and i 
gtaoooa blue 
Pale olive buff 

i Ivory yilloir 

Ivory yatlow 

, Ivory yiHow 

' White 

Heap hhtedi 
gyaifi 

mSte 

White 

’ Ivory ytelow 
pmidlAilitea 
! Ivory yellow 

\ Ivory yellow 


I badiaiit«d 
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Table IV 

Colour of aerial mycelium and surface of substraie of five per cent potato dextrose 
a^r eu Uvree m the ninth and twenty-first days 

I Aerial injroeltnin j Burftce of «ob»tr»te 


Culture 

9th day 

F 79 E. MrpooitUt 

White 

F 80 F. emn0luHtum$ 

White 

F 81 F. var. 6etee 

Pale olive huff . 

F 82 F. eomglmHmmM var. caiii* 
attpH 

White 

V »S F» orthoetnu 

White 

F 84 F. orfAaoerua var. apti 

White 

F 88 F. oriteearas var. rnpUJA 

WhHe 

V 73 F. ortAorvnM var. piti 

White 

F 88 F. orfAocenif var. lomtuU 

White 

F 87 F. ufigiMteui . 

WhU4' and light 
ptukteh Utac 

White and pur^ 
pUah lllae 

F74F.lte<. 

F 20 F. fta« T (Karnal) . 

White, light iwrltta 
purple and v'tna- 
ceott« pink 

F 67 Oram wilt organiafn 

W hite 

F 92 Oram wilt orgaobm 

White 

F 93 Oram wilt orgmatem 

W hHe 


Aertol raycetium 
iy 21 fli d*y 

r T "white ^ 


I 9 tb day 

1 olive bulf 


White and pale ; White 
slaucuii blue 

W hite Pale olive buff 

i White I\ory yellow 

I , 

White White 

White and pale ' l\f)Ty yellow 
aalmon colour 
White WhHe 


White 

White 


I nite and pur- 
pllab liUc 
»‘hlte aud pur* 


pllab liUc 
White au< 
pliah lilac 
White Jtehi 


WhHe 

White 

White 

White 

Purplbb lilac 


White, light fierUla W htte 
purple and tina- 
ceoo(» pink 

liking I\ur\ 


f White 
' White 


lM.»r\ 

White 

White 


! 21 ai day 
White 

White and pale 
' glaucui blue 
5 Pale olive buff 

! Ivory yellow 

, Ivory yellow 

i Ivory yellow 

‘ White 


! Ivory ytdiow and 
i pundteh lilac 
Ivor> >eUow 


Ivory >enow 

rnchangcd 

WhP.» 


Table V 

Aerial myc4'lium, * stroma ’ and conidia in aerial myctliuyn, on nee on the ticeniy- 

second to tu'enty-fourih days 

Culture AcMTUil ‘ Stroma ’ Conuiia m aerial mvcoliuiu 


iiiyceliuin 

F 79 F* boslryoMts Mtulej-atc- . 

F BO eonfflutinans Moderate . 

F 81 F* con^uiiruins vtur. bctar Moderated 
F 82 F. congluhnans var. atiiis- Scanty 
iephi* 

F 83 F. otiA€>ce!rtJg Scanty 

F 84 F. otihoctruM var. Mtxlerate . 

F 85 F. orthocsras var. ufd* /. I Scanty 
F 73 F. ofl5accra» var. pisi Moderate . 
F 86 F. ofihaecms var. lonyuis Moderate . 
F 87 F. onguafMffi . Moderate . 

F 74 F. lini . . : Moderate . 

F 20 F. lim t (Kamal) . i Moderate 

F 57 Qfttin wilt offganiani \ Scanty 

! 

i 

F 92 Qnun wilt argseamn . \ Mockmte . 


Ab»x*nt 

\’»4cuolat<*<:l, very abundant 

Absent 

Hyteliiic, ff\4 

Absent 

Absent 

* Absent 

Vacuulat<*d, v ery abimdant 

Absent 

. Vac>io!ated. few 

j Ahsi^nt 

\’aouolatt‘d. mtxlerately 

abundant 

i Absent 

Alisent 

Alisent 

Absent 

Al)0ent 

Highly vacuulatfxl. few 

Absent 

Highl> vacuolated, rare 

Absent 

. Highly' vcKJUolated, moder- 
ately abundant 

Absent 

. ) Vacuolated, abundant 

Absent 

. Sometimes constricted at 
; middle, vacuolated, mo- 
! deratel>‘ abundant 

Absent 

. ' Hyalme, few 

Absent 

. 1 Vartoua distorted shapes. 


! with awellingt and sharp 
I beads* hyaline* moderate* 
I ly a tamdimt ^ 
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Table VI 


Aerial mycelium, ‘ stroma and conidia in aerial mycelium, on potato cylinders 
an the twenty-second to twenty-fourth days 


Culture 

Aerial 

mycelium 

‘ Stroma * 

Conidia in aerial myoelium 

F 79 F. boatrycoides 

Scanty 

Absent 

Vacuolated, veiy abundant 

F 80 Fs conffiutinans . 

Moderate • 

Absent 

1 

Highly vacuolated, abun- 
dant 

1 ! 

F 81 F. ctmglutinans var. betae { Abundant | 

Absent 

1 

Hyaline, moderately abun- 
dant 

F 82 F. conglutinana var. colli- 
atephu j 

Absent • : 

Absent . ! 

1 

Vacuolated, very abundant 

F 83 jP. orthoceraa 

Absent 

Absent • i 

Highly vacuolated, abun> 
dant 

F 84 F. orthocems var. apii » 

Absent 

Absent 

Highly vacuolated, very 
abundant 

F 85 F. oHhoceras var. apii /.I 

Absent . 

Absent 

Hyaline, moderately abun- 
dant 

F 73 F. orthoceraa var. piai • 

Moderate . 

Absent • | 

) 

Absent 

F 86 F. orthoceras var. Umguia 

Absent 

Absent • | 

j 

Highly vacuolat^Hl, very 
abundant 


F 87 F. anguslum 

Absent 

Absent 

1 Highly vacuolated, moder- 
ately abundant 

F 74 F. Uni 

Abundant 

i 

Absent 

Highly vacuolated, moder- 
ately abundant 

1 

F 20 F. Uni t (Karnal). 

, Absent 

Absent 

Sometimes constricUxl at 
middle, highly vacuolated, 
abundant 

F 67 Gram wilt organism 

1 Absent 

1 

Absent 

1 Sometimes constricted at 
middle, vacuolated, very 
abundant 

F 92 Gram wilt organism 

Abundant 

Absent 

Hyaline, moderately abun- 
dant 

F 93 Gram wilt organism 

Abaent 

Absent 

Highly vacuolated, moder- 
ately abundant 
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Aerial myeelmm atroma and eonidia in aerial mycelium, on two per cent 
potato dextrose agar on the tioenty-aecond to twenty-fourth days 


Culture 

Aerial m 3 roelium 

i 

‘ Strcmia * 

Conidia in aerial 
mycelium 

1 

1 

F 79 F. boatrycaideB . | 

1 

1 

Moderate 

Absent 

Vacuolated, very abun* 
dant 

F 80 F* cdmglutinana . | 

Scanty . 

^ Plectenchymatou.«3 

Hyaline, few 

< 

F 81 F, ccngluiinana 

VST. beiae 

Scanty . 

Plectenchymatous 

i 

Vacuolated, few 

F 82 F. con^uiinana 
var. cnlliaUphi 

I 

Scanty . 

: Plectench 3 rmatous 

Vacuolated, very abun- 
dant 

F 88 F. orthoceraa 

Moderate • 

, Absent 

Hyaline, abundant 

F 84 F, orthoctraa var, 
apii. 

Abundant 

Absent 

Somewhat vacuolaetd, 
very abimdant 

F 85 F. orthoceras var. 
apti /. 1 

Mo<1crate 

Absent 

Sometimes constricted 
at middle, vacuolaterl 
moderately abundant 

F 73 F. orthocerna var. 

Moderate 

Absent 

Hyaline, few 

piai 

F 86 F. orthoceras var. 

Abundant 

Absent 

Hyaline, very abundant 

lotiguis 

87 F. angustum 

, Mnciorate 

i 

Absent 

Hyaline, moderately 

abimdant 

F 74 F. Uni 

! Moderate 

! 

Absent 

Highly vacuolated, few 

F 20 F. Uni ? (Kama!) 

Mo<lerate 

Absent 

t 

Hyaline, abimdant 

F 67 Orann wilt organ- 
iam 

Sc4Uity . 

1 Plectenchymatous 

} 

Hyaline, very abiind- 
dant 

F 92 Gram wilt organ* 
km 

Moderate 

f 

Plectenchymatous 

Hyaline, moderately 

abundant 

F 93 Oram wilt organ* 
km 

Short and thick 

Plectenchymatous 

Somewhat vacuolated, 
moderately abundant 
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A^vial Tnyctliuvfi ,* sttonux' uud conidiu in utvidl tnyc€liufn, ott Jive pBV c&nt 
potato dextrose agar on the twenty -second to twenty -fourth days 


Culture 

Aerial mycelium 

‘ Stroma ’ 

Gonidia in aerial 


mycelium 

F 79 F, boatrycoidea , 

Scanty . 

Absent 

Vacuolated, very abun- 
dant 

F 80 F. canghUiruina . 

Scanty . 

Plectenoh 3 nnatous 

Hyaline, few 

F 81 F, congltUinana 

Scanty . 

Pleetenchymat ous 

Vacuolated, few 

var. betae 




F 82 F. conghitinana 

Absent . . ! 

Plectench5miatou3 

Spores often constricted 

var. calUatephi 



at middle and dis- 
torted, vacuolated, 
abundant 

F 83 F. orthoceraa 

Scanty . . | 

Absent 

S{ lores often constricted 

I 

at middle and dis- 
torted, vacuolated, 
abundant 





F 84 F. orthoceraa var. 

Abundant 

Absent 

Hyaline, very abun- 

apii 

t 


dant 

F 85 F. orthoceraa var. 

Scanty . . j 

Absent 

Vacuolated, few 

apiij-l 

1 

: 


F 73 F. orthoceraa var. 

Scanty . . ! 

Plectench 3 rmatou 8 i 

Absent 

piai 




F 86 F. orthoceraa var. 

Abundant 

Plectenchymatous > 

Hyaline very abundant 


longuis 


F 87 F. angtistum . Scanty . . ’ Absent , . Hyaline, moderately 

I abundant 

i 

F 74 F. Uni . . Moderate . ! Absent Absent 

i 

F 20 F. Uni ? (Kamal) Moderate . j Absent . Slightly vacuolated, 

abundant 

F 67 Gram wilt organ- Scanty . . Plectcnchymatous Hyaline, moderately 

ism > abundant 

i 

F 92 Gram wilt organ- Sccuity . . Plectenchymatous . Hyaline, moderateiv 

ism abundant 

F 93 Gram wilt organ- Scanty . . PlectcnchymatouM Hyaline, few 

ism 


Ill] 


THE OENUS rVHAlilUM, IJI 


251 


Table TX 


Measiirementa of microf'onidia on two per cent potato dextrose agar on the ninf^~ 
te£nih and tuentieth days {means of fifty conidin) 


Culture 

M€»an { 

length i 

M 1 

Mean 

breadth 

(l^) 

Range (ji) 

F 79 F. bo^rycoides 

8*6 

1 

3-5 

61-^14 3x1 7-61 

F SO F. congluUnans 

9-9 

3 4 

6*8-18 0x2 0-4-4 

F 81 F. congluiinatut var. hetae 

Absent 


— 

F 82 F. congluUnans var. 
callistephi 

10-3 

2 4 

7-8-194X 1-7-41 

F 83 F. orthoceras 

90 

3 2 

6-4-150X2-4-4-4 

F 84 F. orthocrraH var. apii . 

10 7 

3-2 

6 4-18*7 20-44 

F 86 F. orthocinis var. apii /.I 

70 

3 0 

4 4-10*2x1*7-4 1 

F 73 F. orthoceras var. pisi 

Absent 


— 

F 88 F. orthoceras var. longms 

9*4 

2-8 

4 4-19 7 > 1 7-4 *1 

F 87 F, angwftum 

8 3 

1 

3 1 

6 1-15 3 * 1 7-44 

F 74 F. hni 

10-3 

3 5 

6*8-15 3X2 0-4 1 

F 20 lint ? (Kamal) 

9 1 

2 9 

6 1-15 3.^ 17-41 

F 57 (Jrani wilt organism . ; 

8*2 

3 5 

4 1-15 3 1 7-51 

F 92 Gram wilt oiyaiii.Hni . 1 

i 

! 8 2 

3 2 

3 4-16 3 X 2*(K6*8 

F 93 Oram w'ilt urgatiism . j 

110 

3 4 

51-26'5 * 20-7-8 

Effect of 

TEMPERATURE 

ON THE KEY CHARACTERS 


The medium u«e<i in thiB experiment was oatmeal agar. It was prepared 
with only 30 grams of oatmeal to a litre pf water, but in other respects 
it was prepared in a manner similar to that ot Wollenweber, Sherbakofl, 
Reinking, «)ohann an<l Bailey. Twelve agar-slants were prepared from 
each isolate., six day old oatmeal cultures being used for the purpose. The 
cultures were divided into six lots, each containing tw'o tubes of each isolate 
The six lots were held at six different temperatuies in dark incubators. Aftci 
ten days notes were made of the colour’s ot the surface ot the substrate and 
the aerial mycelium, together with tlie amount of aerial mycelium. After 
a further ten days the colours were again noted. On the twentieth day 
note-^taking began as regards other characters as well as colour production, 
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and it took six days to complete the work. These notes included the presence 
or absence of a stroma, the type of conidia on the surface of the medium , 
the presence or absence of a pionnotal layer, and the development of chlamy- 
dospores. It was not possible to take the more detailed observations at all 
temperatures, however, and consequently the temperatures 20 and 36 C 
were chosen for observations on conidia and chlamydospores except in one 
or two special cases where all temperatures were used. 

The temperatures were recorded twice daily and the averages and ranges 
of the temperatures recorded during the period of the experiment were as 
follows : — 

9-6“C (Range 8-6-ll*0) 

14'7®C (Range 14*0-16‘0) 

20*2®C (Range 17*6-23*0) 

25 • 4®C (Range 26 • 0-26 • 5) 

30-2°C (Range 27 •6-32-0) 

36 -3*0 (Range 34 *6-36 -6) 

It will be noticed that the most difficult temperatures to maintain con- 
stant were those at 20, 25 and 30°C, which were nearest to room temperatures 
during the period. The means, however, were <IoHe to the required tempera- 
tures of 10, 16, 20, 25, 30 and 3r>°C, and throughout this paper the cultures 
growing in the various incubators are referred to as the 10“ Series, 16“ Series, 
etc. Since the purpose is to compare the reactions of the various cultures to 
aU six different temperatures it has been necessary to arrange somewhat 
elaborate tables. The colour observations are recorded in Table X, and this 
table also has been utilized for the relative thickness of t he plectenchymatous 
stromata. No sporodochia or sclerotia were found, but in the case of F 82 
(F. conglviimna var. cMistephi) there was a definite pionnotal layer on the 
surface of the agar at all temperatures, though it was very thin in the 10“(\ 
In several other cases thin layers of spores were found on the agar surface, 
though they scarcely deserved the name pionnotes. These observatioiw are 
also included in Table X. 

Owing to the fact that the aerial mycelium had frequently collapsed 
by the twentieth day, observations on conidia were made on scrapings taken 
from the surface of the agar in many cases. 1 f pionnotes or a thin layer of 
spores were present, these spores were also described. The descriptions of 
conidia and chlamydospores are given in Table XT. These descriptions are 
given only for the temperature series 20“C and 3o°C. In many, though not 
all, cases, observatioas were made in some or all of the other temperature 
series, but since the descriptions given in Table XI clearly illustrate the 
general trend of the results and the other observations merely supplement 
the general conclusions, these observations have l)een omitted in order to 
simplify comparisons, 
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l*sopt. (2 per cent) 20-4fx 
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The main conclusions from this experiment can be summarized ae 
follows 

(1) Except with F. orthocems var. apii f. 1 the only eflect of teinjiera- 

ture on colour was a slifihtly more rapid pnKluction of pigment 
at the higher tem]»eratures, at which the fungi grew more 
quickly, and a tendency towards ])roductioii of a slightly more 
violet hue. All the cultures showing the puri>le pigment turned 
red with two per cent liydrochloric acid and violet or blue with 
two per cent jxtlassium hydroxide. 

F 85 (F. orthof(rn,s var. apii j. 1) produced no pigment at 
10°, 15°, :10" and 35°C'. It produced purple aerial mycelium 
and dark plumbeous di.scoloration of the substrate at 20°C, 
and at 25°C one tube wa.^ not pigmented while the duplicate 
had a small patch of pigment at the thin end of the slant. (This 
particular tube formccl the material lor ex|>eriment 3). 

(2) In general, the cultures showed the greatest amount of aerial 

mycelium at 2o°, 25° and 30"(’. Very little was pnxluced at 
10°C, and there was generally a falling off at 35'(’. Casual 
observation suggested that thi.^ character was correlated with 
the rate of linear growth at the various tein|>eratures, but 
no detailed records on this point were kept. 

(3) All the cultures except F. hogtri/roi h.t laid a tliin ]>lectenchymatoUH 

stroma, and in most cases this was present at all temperature's 
except lo°C. 

(4) A thin pionnotal layer of spores was formed by F. conylutinam 

var. callistcplii. Several <ultures, namely F. orthoccraM var. 
apii, F. orthiKf ra>i var. lotajins, F. an(jt(.>liitn anti F. Uni IumI a 
very thin layer of spores alnu»st too scanty tt» deserve the 
name ‘ pionnotal ’. though “ pionnotes ’ are rt'ferred t<» in 
Table XI. There was no regular relalionshiii between tem- 
perature and the production of thi« ver\ thin layer t)f spores. 

(5) Abundance of spores in the at'rial myetdnim varitsi considerably 

with the diff(U’cnt species, but a dillcrcnce in teinjK'rature of 
15TJ (2t> as compared with 35 C) had no appreciable eflt'ct. 
Spores w(‘re rare with F. orlharimx var. apii f. 1 and F. ortho- 
ceras var. pirn. The three tUher varieties of this s)ie<‘ieR had 
abundant or moderattdy abundant .spoivs in tlu* aerial mv- 
eelium. 

(6) Most of the cultures produced only continuous or l-s<'ptnte, ovoid, 

apindle-8ha{>ed or slightly curved s{ton*s in the aerial mycelium. 
The only ones producing 3 s<‘ptate spores in the aerial mvcclium 
were F. ronrjhttinanfi var. firtar. F. nrlhocrran var. apU. F. Uni, 
and the gram wilt fungus F 03. 

(7) The so-called pionnotes had more .septate spores, and in the eaao 

of F. conglulinam\ivr. cfl/bWcp/o’ occasional 4-5-0-septat« stM^res 
were found. Even here, however, the non-M'ptate atKirea 
totalled 68 j)er cent of the whole. 
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(8) The effect of temperature on either the number of septations or 

the length of 8f)ores of a given number of septatiouK w as slight. 
Averaging the lengtlis of all eorni)arable sets of O-septate 
spores in the aerial mytellium, namely F. hostrycoides, F. con- 
r/litiinan^, F, inilwvfrnH, F. imynnUnn, lini, and the two gram 
wilt fungi F 57 and F 93, the mean lengths at 20 (* are 7*9u 
and at 35"'(\ 8 0^. a negligible differenee. JnHutti<‘ient 3-sep' 
tate spores were available for eornfiarison. F, bontrycoides 
had unusually small O-septatc spores, and F. orihoreras var. 
longinn had rather large ones in the thin su]K*rfi( ial or pionnotal 
layer. If the spores in the j>ionnotal layers of F. orthoceras 
var. languid may strictly be compared with tliose in the aerial 
inyeelium of F. orthoreraA, the differences between these tw^o 
varieties uf one sjanies is greater than tlie difference between 
any two species ex< e[>t F. bostrycoidfs . 

(9) In most cases temjyerature had a marked effect on chlamydo- 

spene prcKluction, 35 (' being favourable and 20 f unfavourable. 
The diflcucuHC was most marked in the* cultures of F. bosiry- 
coidf S, F. ronylutinam var. apii f. 1. F. Jini, and the gram w ilt 
fungi F 92 and F 93. 

PKOnrC'TION OV IMOMKNT liY F. OfiTII(f( KiiAS VAK. A/ // F 1 

It is recordc'd in Table* X that at the temperature 20 C culture F 85 
(F. orthoaroM var. npii f, 1 Wr. and Heink. - F . apii var. pallidu))i Nelson and 
SherliakolT) produced a purplish hlar hue* in the aerial mycelium and dark 
plumlHMius in the substrate, and at 25 (’ als(» one tube showed a trace of colour 
at the shallow end of the agar. Since Nelson, ( *oons and (‘ocliran [1937] 
say of this fungus ' Myt*elium and substratiini always lolourless ’ this colour 
production attracted particular attention. 

From the tube showing a trace of colour, six transfers wore made from 
tlie coloured portion and six from the white jaution. on ttesh oatmeal agar on 
the twenty sc'venth day, and thrc*c‘ frc'.sh tubes wen* kept at 25‘^('. They 
weiv numbcu'cal, resjKa ti\eI\ , 1-t) \V (from white portion) and (’ (from 
coloured portion). When ten cla\s old the colours were examined Tlie 
results ani given in Table* Xll. 

It is 8omi that the* aerial mycelium of all cultuivs prodiuCfl a mixture of 
white and purplish lilac, that tlie sub.strate was colourless at the bottom or 
deep end of all the slants, but that tlie top or shallow end of the substrate w as 
c’olouml in one tube onl\ in the <*ase of the c*ultures from the colourless portion 
of the parent and in four tiibe.s in the c’ase of the cultuivs from the coloured 
portion of the parent tube. An attempt was then made to obtain by further 
Hub-<*ulturing, c*ultures which produc*ed entiivly colourless and others which 
produc ed entirely c*olouml colonies. In order to do tliis, transfers were again 
made, this time from the top and bottom portions of the slants of tubes l\V 
and l(>. Four eiiltiires of each were made. This was done when the tubes 
were ten davs old. These tiil>es were lalielled as follows, and placed at 
25'>C:-- 

1 W T (inoculated from top of tube 1 W) 
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1 W B (inoculated from bottom of tube 1 W) 
I C T (inoculatetl from top of tube 1 C) 

1 C B (inoculated from bottom of tube 1 C). 


Table X 1 1 

Colour production in F. orthooeras rar. apii f. 1 Wr. and Reink. (=f'. api 
var. pallidum Nelson and Skerbakoff) after ten days 


Tube No. 

Nature of 

Colour of aerial mjcelluin 

1 Coknir of tuifiusc of aidMitmte 

parent portion 
of culture 

Top of .slant 

Bottom of slant 

1 

1 Top of alant 

Bottoui of fiMil 

1 W 

Colourless . 

White and piirp- 
ILsh lilac. j 

Lij^it inou-se gray 

1 Vneluuigcd 

UnetMUkgod 

2 W 

Do. 

Do. 

Du. 

Do. . 

Do. 

3 W 

Do. 

Do. 

Do 

Do. . 

Do. 

4 W 

Do. . 

Do . 

Do. 

Purplish lilac 

Da 

6 W 

Do. . 

Do 

IH». 

1 ncliangtiMl 

Du. 

6 W 

Do. . 

Do 

Do 

Ik). . . i 

Do. 

1 C 

Ooloureil 

Do. 

Dti 

PurplHh gray . ‘ 

Do. 

2 0 

! Do. . 1 

Do 

IK). 

Tnclianged 

i>0. 

3C 

Do. . 1 

Do 

Do. 

Ptirplbh gray 

Do. 

4 C 

Do. . 

D«j 

Do. 

1' IH hangt'tl 

Do. 

5C 

Do. , 

Do. . 

lx>. 

TurpUsh gray 

Du. 

6C 

Do. . 

Do 

Do. 

TW). 

Du. 


The same day transfers were also iiuid«' from the oriLMiml pair of cult ur(*s grow n 
at 25^C which were by now HI days old. Tlwse cultun-s alH«» wen^ prepared in 
quadruplicate, and they were' marked thus ■- 

O W T (inoculated from top of original colourless tula*) 

O W B (inoculated from bottom of original colourless tul«*) 

OCT (inoculated from top of original partially eolotm'd tulje) 

O C B (inociilatod from bottofu of original partially <‘oloure«| tulie, but 
from the colourless portion) 

In these eight series the replicaU* tubes were labell<*d a, b. c and d. Their 
colours were observed on the 11th and ag/iin on the 21st days. The colount 
observed on the twenty-first day are recorded in 'fable, VllT. 

At the conclusion of this ex jH.*rinient the tuln's showing <‘oiours wor© 
divided into two groups, one of w hich hml t w<j |)er cent hydrochloric acid 
added, and the other 2 per cent potassium hydro.xide. In all caaes the 
purple or gray hues became red with hydrochloric acid and vioJbt or blue with 
potassium hydroxide. 



Ill] 


THE GENUS fUSAUIVM, III 


26 » 


Table XIII 

Cdour production of F. orthoceras var. apii f. / Wr. and Beink. ( = F. apii 
mr. pallidum Nelson and Sherbakoff) in first and second suh-cvlturejf from 
white and coloured tubes, after tweniy-one days. 


First sub-euUure 



ColcHir of ftarlal iriycrlium 

Colour of Kurfare of suhstrate 

Coltnic* 

Top of tabe 

Bottom of tube 

Top of tube 

i 

Bottom of tube 

0 W T • 

White and argyte por- 
pie 

White and light motiae 
, lf«y 

Unchanged 

. Unchanged 

b 

1 White and dark vlna- 
1 oeooft fcray 

1 

' White and dc^p mooae 

gt»y 

Do. 

Do. 

c 

Do. 

Do. 

Do. 

Do. 

<) 1 

Do. 

Do. 

Do 

Do. 

0 w n ft j 

White and ^inaeeon^ 

1 irray 

White and argyl»* pur- 
ple And light motive 
grav 

Do. 

Ivory yellow 

h 

White 

WIdte iifid nuiuv grav 

Do. 

I'nrhaiiRed 

1 

c 

1 

White and pundii^h 
lllar 

Do 

l>o. 

Don* yellow 

cl 

White ami dark \ihA* 
gray 

White and light 
l?ra> 

IK*. 

t'nelianged 

(M’T ft 

White 

I>o. 

lh\ 

1 Dory y*'lh>w 

b 

j 

White and dark ^Inft- 
rc’CuiM jjrav 


De<*p fiimker drab 

! IK. 

c 

WlUte 

I>o 

rncluiiiged 

Do. 

! 

d 

White and dark vina- 
eeoiii gray 

l»o. 

Do. 

U nchanged 

OCB • 

Do. . ! 

1>*». 

Do. 

DO. 

h 

Do, . 1 

Do, 

Do. 

! Do 

0 

1 

Do. , j 

l>o. 

Do. 

Do, 

d 

Do. . 1 

Do. 

Do. 

^ Do. 



„ _ ' 




— _ 


W T-^-fhnn top of ortgliial oi^trioM tabe. 

O W B>4hnn lK»tiom of origin^] ookrarloM tube. 

O 0 T-— Drom top (ootoared portion) oforlginat ooloarod tube. 

O 0 B~4koiii boHom (obkmilait portion) of orlgfaul ootonred tuba. 
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Second snb-cnlture 


rult/iiret 


dolour of aerial myeidium 

Top of tube ! Bottom of tube 

Colour of surface of substrate 

Top of tube 1 Bottom of tube 

1 W T a 

lilac 

and 

purplish 

White an<i light mouse 
gray 

Pale vinaceoiis lilac. 

1 Ivory ycllowj 

1 

1 

b 


Do. 


Do. 

Do. 

1 Do. 

c 


Do. 


Do. 

Do. 

I Do. 

d 


Do. 

• • 

White 

Deep purplish vina- 
ceous 

; Do.'l 

1 WB a 


Do. 


White and light mouse 
gray ^ 

Unclianged 

i Do. 

b 


Do. 


Do. . . ; 

Vinaceoiis lavendar . 

Do. 

c 

White 



Do. . . j 

Unchanged 

Do. 

d 

White 

lilac 

and 

purplish 

Do. . . i 

j 

Do. 

Do. 

1 C T a 

White 


i 

Do. 

Do. 

Do. 

b 

Whit<‘ 

lilac 

and 

purplish I 

1 

White and deep inouae 
gray 

Light vinaceous lilac . 

Do, 

r 

White 



White and light mouse 
gray 

Unchanged 

1)0. 

d 

White 

lilac 

and 

purplish 

Whlto and deep mouse 
gray 

Light vinaceoiis lllne . 

Do. 

ICB a 

White 


1 

White and liglit mouse 
gray 

i’liehangcd 

Do. 

b 

White 

lilac 

and 

purplish 1 

Do. 

Do. 

Do. 

c 


Do. 


Do. 

Light vlnaceous lilac . * 

Do. 

f1 


Do. 


Do. . j 

1 

1 

Unchanged . | 

Do. 


tl W T — inoculated from top of colourless tube ori^dnatinR from colourless tube. 

1 W H— inoculated from bottom ol eobnirless tube originating from colourless tube. 

1 (3 T -inoculated from top of coloured tulie originating from roloure<l tube, 
t C B — inoculated from bottom of coloured tut»e originating from coloured tube. 

The results of this experiment appear to indicate that both the origina 
coloured tube and the originally colourless one consisted of a mixture of two 
strains, one capable of producing a pigment with acid and alkali reactions typi- 
cally those of the sub-section Orthocera, the other unable to do so. There 
w^as no indication that sub-culturing from the upper i)ortions of tlie slant, 
where the colour was intense, would yield an intensely pigmented culture. 
If the coloured strain occurred as a saltant it must have done so at a stage 
previous to the inoculation of Experiment 1. 

It is interesting to record that one of the most intensely coloured culturc/S 
was retained in the stock culture collection and has been sub-cultured four or 
five times. Its power to produce the pigment has dwindled but not entirely 
disappeared. 
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IkFLUENCB of ASPABAGINB ON THE KEY OHABACTEBS 

The purpose of this exi)eriment was to find whether a variation in the as- 
paragine content of a synthetic medium influenced the septation of spores, 
colour of mycelium and substrate, and other characters as found by Brown 
[19261 in Fusarium frucligenum. 

The following fives cultures were used : — 

F 74. F. Uni Bolley : 

Tn previous experiments this culture showed a distinct tendency to 
produce a purplish lilac colour in the aerial mycelium and a 
deep purple, lilac or violet hue in the substrate, varying 
presumably with the acidity or alkalinity of the medium. 
It also produced a thin layer of spores on the agar surface, 
resembling pionnotes. In nature, according to Wollenweber 
and Reinking [1935] it sometimes produces sporodochia, and 
in the form of the conidia is a bridge between F. orthoceras 
and F. ozysporum. It produced abundant chlamydospores 
at 35®C, few at 20°C. 

F 86. F. orthoceras var, apii f. 1 Wr. and Reink. (=F. apii var. 
pallidum Nelson and Sherbakoft) : 

This culture behaved peculiarly in regard to colour production, some- 
times producing a purplish lilac colour in the aerial mycelium 
and perilla purple or dark plumbeous in the substrate, at 
other times having white aerial mycelium and producing no 
colour in the stroma. It produced no pionnotes and even non- 
septate small conidia in the aerial mycellium were few. It 
produced abundant chlamydospores at 35°C, few at 20^ C. 

F 67. Gram wilt fungus : 

This culture produced no colour, and very rarely produced septate 
spores. Small conidia vere few in the aerial mycelium 
Production of chlamydospores was very rare at 35°C, and none 
were found at 20*^0, 

F 92. Gram wilt fungus : 

Resembled F. 57 except in the moderate production of chlamydos^ 
pores at 35®C and occasionally at 20°C. 

F 93. Gram wilt fungus : 

This culture, like F 67 and F 92, was colourless, but it produced some 
long 3-septate spores and the smaller spores in the aerial 
mycelium were more abundant than in either F 57 or F 92. 
Chlamydospores were moderately abundant at 36°C, though 
absent at 20® C. 

The media used in the experiment were as follows : — 

1. Glucose 2 gm. 

K,P 04 1-26 gm. 

MgS 04 . 7 H 40 0 • 76 gm. 

Agar 16 gm. 

Water 1 litre 

2. Medium 1 plus 0*06 gm. asparagine 
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3. Medium 1 plus 0*10 gm. aspamgine 

4. Medium 1 plus 0*20 gm. asparagine 

5. Medium 1 plus 0*50 gm. asparagine 

6. Medium 1 plus 1 *00 gm. asparagine 

7 Medium 1 plus 2*00 gm. asparagine 

8. Medium 1 plus 4*00 gm. asparagine 

0. Oatmeal agar» using 100 gm. oatmeal per litre, steamed at 60^0 for one hour, 
strained through muslin, sterilized at 10 lb. pressure for 45 mnutes (20 
gm. agar) 

10. Plain agar (20 gm. per litre). 

Four tubes of each medium were inoculated with each fungus from plain 
agar cultures, except in the case of F 93, tubes of which were inoculated from 
3 per cent oatmeal agar because the growth on plain agar was unsatisfac- 
tory. The cultures were grown at 25°C. The replicates were labelled a, 6, 
c and d, and these designations are used in Tables XV and XVI which sum- 
marize the observations on spore forms. The colours noted on the nineteenth 
day are recorded in Table XIV. 

A most surprising feature of this experiment was the complete failure of 
the fungi to produce any pigment whatsoever on any of the synthetic media, 
in spite of excellent growth with an abundant covering of aerial mycelium. 
These media are known to be less satisfactory for colour production than 
similar media to which potato starch is added, but complete failure to produce 
colour by such a deeply pigmented culture as F. Uni was not expected. Starch 
was deliberately omitted because Brown [1925] did not find it suitable for 
studying sporulation in the feebly sporing strains of F. fructigenum (-F. 
ateritium). 

As was the case in experiment 2 on oatmeal agar, F. ortkoceras var. apii 
/. 1 formed practically no septate spores. Its behaviour on other media 
was irregular. For instance, few spores were found on medium 5 containing 
0*5 gm. of asparagine, but spores were present in abundance on media 4 and 6, 
containing 0*2 and 1*0 gm. of asparagine respectively. Spores were absent 
in medium 8, containing 4*0 gm. of asparagine. F. Uni produced non-i3ptate 
spores in media 1 (with rare exception), 2, 4 and 6. It produced O-S-septate 
spores in two tubes of medium 3, one tube of medium 5, two tubes of medium 
7 and one tube of medium 8. It produced only continuous spores on oatmeal 
agar and plain agar. Only medium 5 gave sufficient 3 septate spores of F. 
Uni for a reliable average, and they measured 33*2fi. x4* Ip. 

The lack of agreement between replicate tubes as regards chlamydospore 
production was most striking. 

Discussion 

It is not often possible in any genus of fungi containing a large number of 
species to name any single variable character the exact measurement of which 
will determine the species. It is in fact fairly widely accepted that a one- 
oharacter difference, unless it is very great inde^, can hardly be considered to 
warrant anything higher than varietal rank. Moreover, when the particular 
character concerned is highly variable and responds readily to environmental 
ohanges, its value is considerably reduced. 



CoUmr prodnciion on eynihetic media and on plain agar and oatmeal agar after 19 days 
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Tabuc XV 

Conidia obtained from surface scrapings of synthetic media, plain agar and oatmeal agar after 20—21 days 
{Replicate tubes designated a, b, c, d) 
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Table XVI 

CUamydoepore prodvdion on tynlhttic media, plain agar and oatmeal agar after 21 days (RepUcate tabes 

designated a, b, c, d) 
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TfiE INDIAil - journal OF AGfelCULTUiUL SOIENCR fX 

The section Elegans has a number of characteristics which are said to 
typify the section. The more important of these are : — 

(1) Presence of abundant, mostly one-celled, ovoid to spindle-shaped, 

small conidia, not borne in chains. 

(2) Presence of terminal and intercallary chlamydospores. 

(3) Delicate walls and septations in the conidia. 

The species in the sub-section Orthocera have the additional characteristics 
of slenderness of the spores, which are almost straight or spindle-shaped, 
with a papillate or very slightly foot-celled base. They are without, or at most 
with traces of sporodocliia. 

The exj)eriments described here have indicated that the authentic cultures 
studied produce in many cases abundant small conidia of the kind described. 
F. conglutinana and F. conglutinans var. apii /. 1 rarely produced any at all. 
Steamed rice was in many cases unsatisfactory for their production, but the 
remaining media used, namely oatmeal agar, potato cylinders, two per cent 
potato dextrose agar and five per cent potato dextrose agar, were about 
equally satisfactory. 

All the cultures were found to produce chlamydospores, but they were 
found to vary to an extraordinary degree in this respect. F. orihoceras var. 
longuis, and the gram wilt fungus F 57 produced chlamydospores very 
rarely. There was a striking difference between abundance of chlamydospores 
at 20° C and at 35^0, the latter usually greatly enhancing their production. 

The conidia had delicate cell-walls and septations, and this characteristic 
did not seem to alter with the medium or the temperature. It seems to be a 
characteristic of the group. 

Owing to the fact that some of the cultures failed to produce an appreci- 
able number of 3-septate spores, the ratios of length to breadth were not 
determined, but in all cases they were spindle-shaped or only slightly curved, 
and they had no typical foot-celled base. These again appear to be charac- 
teristics of the group. 

Provided these fungi were grown at 35°C they could readily be identified 
as Orthocera-Fuaaria with the possible exception of F. orthocera^ var. apii /• 
1, F. orthoceraa var. longuis and the gram wilt fungus F 57, for which a large 
number of tubes might have to be examined before reaching a final decision. 

On the whole, the description of the sub-section given by Wollenweber 
and Reinking seems to be satisfactory and it covers the degree of variation 
exhibited by the different members. 

The distinction between the various species depends, as stated previously, 
on the following major characteristics : — 

(1) Presence or absence of pionnotes. 

(2) Type of conidiophores. 

(3) Colour of stroma. 

(4) Type of plectenchyma-erumpent or smooth. 

(5) Sizes of conidia. 

(6) Pathogenicity. 

The type of conidiophore branching is used only for distinguishing F. 
boatrycoidea. As stated, no bostrycoid branching could be found; the method 
of branching of the conidiophores in this species appeared identical with all 
the other species of the group. 



Ill] 


TAB QBNUS FUSiJilUM, 111 


279 


Pathogenicity is a very positive characteristic, but it has not been practi- 
cal to determine its variabUity. 

According to Wollenweber and Reinking sclerotia may or may not occur 
in the sub-section. It is a noteworthy fact, however, that of the 12 re- 
presentatives they describe, sclerotia are stated to be absent in four and no 
mention is made of them in seven others. The only case where they are 
mentioned is in F. Uni, a species which they consider to be, as regards form of 
macroconidia, a bridge between F. orthoceras and F. oocysporum. The latter 
fungus produces sclerotia. No doubt it is very convenient to leave this trying 
species, F. Uni, out of the key. It is questionable whether any of the fungi 
produced any structure which could genuinely be called a ‘ stroma The 
nearest approach was a plectenchymatous layer, and the fungi differed little 
in their formation of this. The term * stroma ’ has been used in this paper to 
describe the thin superficial, fleshly layer which forms on the surface of all 
moderately nutritious agars. It has not been found to be erumpent. 

We are left with three variable characters which might be used as an aid 
to identification, namely, presence or absence of pionnotes, colour of ‘ stroma 
and sizes of conidia. What are they worth ? 

The only culture definitely producing pionnotes was F. congltUinans var. 
callisiephi. Four other species, namely F. orthoceras var. apii, F. orthoceras 
var. longuis, F. angusium and F. Uni had very thin superficial layers of spores 
which were barely entitled to the name ‘ pionnotes and could best be des- 
cribed in Wollenweber and Reinking*s words ‘ Konidienschleime von geringer 
Ausdehnung It so happens that F, eongulvtinans var. callistephi is placed 
by Wollenweber and EeinUng in the group with pionnotes typically absent, 
though in their detailed description they say that the conidia of this variety 
are more or less copiously scattered about, in exceptional cases covering the 
substrate as a faint, thin transitory pionnotes. 

The colours of ‘ stroma ’ or of surface of the substrate lend themselves 
better than many characters to accurate description because they can be com- 
pared with well-known colour standards. It has been clearly shown that there 
were three main groups in the cultures studied, based on pigmentation. These 
groups may be compared with the colours described by Wollenweber and 
Reinking : — 


t'ulture 


F, orthoceras var. piei 


Colour of ‘ stroma * or sur- 
face of substrate 


Colour of stroma according to 
Wollenweber and Reinking 


Blue-brown-hued 


Reddish ochre to chestnut-brown 


F. bostrycoiiies 


• i Purple hued, changing to 
red in HCl and blue or 
violet in KOH 


Brownish white, then palm-green 
or violet 


Pale, flesh-coloured, green- 
flecked, pu^le-red-violet 
(becoming blue in alkali) 


F. orthoceras 


Ditto . 
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Culture 

Colour of ‘ stroma ’ or sur- 
face of substrate 

Colour of stroma according to 
Wolleaweber and Reinking 

F, cfihoceraa var, apii 

Purple hued, changing to 
red in HOI and blue or 
' violet in KOH 

Pale, flesh-coloured, greeno 

flecked, purple-red-violet- 

( becoming blue in alkali) 

F. orUhoceras var. 

Ditto . 

Ditto. 

Jmguia 



F. anguBtum 

Ditto . 

Rose to purple-red (becoming 
blue in ^kali) 

F. Uni 

1 

Ditto . 

Various coloured, clear, brownish 
white, flesh coloured, greenish, 
rose to red (in alkali violet 
or blue) 

F» orthoceraB var. apii \ 

Usually non-pigmentod, 

Pale, not becoming reddish- 

/. 1 

i sometimes vai'iously 

grayish -purple 

violet on rice mush nor blue 
in alkali 

F. conghtlinana . 

Non pigmented 

' 

Pale, white, then brownish to 
i rosy white 

i 

F» conghitinana var. ; 
betae 

Non -pigmented 

Pale, whit(', tht'ii brownish to 
rosy white 

F. conglvUnana var. 
caUietephi 

Ditto . 

1 

j 

i 

Pale, white, then yellowish, 
j brownish to rosy -white, in 
exceptional cases with traces 
of grayish lilac colour 

i 

F 57 Gram wilt or- 
ganism 

Usually non -pigmented, 

sometimes variously 

1 grayish -purple 

F 92 Gram wilt or- 

Ditto 

1 

ganism 

1 : 


F 93 Gram wilt or- 
ganism 

Ditto 

i 

1 

1 

1 


The case of F. orthoceraa var. apii f. I throws considerable light on the 
whole question of pigmentation. According to Nelson, Coons and Cochran 
[1937] this fungus is supposed to produce no pigjiientation. It is clearly 
shown that it may produce it under certain conditions, and the pigment shows 
the usual acid and alkali reactions. 

Apart from F. orthoceras var. pisi there is only one significant pigment 
produced, namely the purple pigment becoming red in hydrochloric acid and 
blue or violet in potassium hydroxide. That certain isolates of F. orthoceras 
var. pisi may also produce this pigment is suggested by the work of Snyder 
[1933]. 

The remaining characteristic which lends itself to accurate measurement 
is spore size. It has been shown that as regards the 0-septate spores the 
variation within so-called species is as great as or greater than the variation 
between species, and the (character is therefore of no value for specifiti determi- 
nation. 
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Sizes of 3-sepiate spores could not in many cases be determined owing to 
the fact that some cultures produced few or no such spores. In the case of 
F. Uni comparisons may be made with the figures of Wollenweber and Rein- 
king 


Culture 

Measurementa by Wollen- j 
weber and Reinking 

Author’s measurements 

F. Uni 

1 

36x4 (21-4rx2-6-4-5) . j 

1 

i 

On Brown’s medium with 0»06 
per cent asparagine (25 spores), 
33-2x4*lg (18-7-61-Ox 

3-4-6*8) 

1 ^)n 3 per cent oatmeal agar at 

1 20° C (4 spores only) 46 -Sg 

in length (39-1-62-7) 


It is clear that in F. Uni the variation is mucli greater than indicated 
by Wollenweber and Reinking. 

The three gram-wilt organisms F 57. F 92 and F 93, though alike in lack 
of colour, show marked difierence^ in regard to spore production. F 57 and 
F 93 produce very few 3-septate spores, i>ut when they do produce them they 
are not appreciably different in size, and the range of variation of the means is 
not greater than that of F. Uni. Spores of similar septations are alike in the 
three isolates as regards form. Duplicate tubes of these and of other cultures 
vary greatly in the ratios of continuous to septate spores. All the three gram- 
wilt organisms can produce clilamydospores, but in abundance of these they 
differ. 

We are forced to the conclusion that the cultures of Ortkoarn'F usaria 
maintained at Baarn cannot, with one or two exceptions, be recognized from 
the descriptions given hy Wollenweber and Keinking. The key simj>ly fall> 
to the ground when used with authentic cultures. 

According to Wollenweber and Keinking, Fusaritm Uni fruits better than 
the other species of this section, and in man}' isolations even produces occa- 
sional sporodochia, and therefore belongs to a transitional form with the other 
groups. This view is strengthened by their statement that the macroeonidia 
are, in form, a bridge between F. ortfioceras and F. oxysporvw . The original 
description of F, Uni given by Bolley [19U1] definitely refers to sporodochia 
with typically 4-celled eoiiidia. If we are to include the other fungi in this 
species it means that we are juactically obliged to regard them as only sub- 
normal material of Oxi/sjwrum — or Consirictum Fusaria. a procedure which 
Wollenw^eber and Reinking [1935] give reasons for not adopting, 

F. angusUm. according to the original description by Sherbakoff [1915] 
differs from F. orthoceras and F. congluiinans, in its spore form narrowly taper- 
ing at the ends and sometimes anguiform. The lack of septate spores in the 
experiments described here have made it impossible to study the reliability 
of this character. A study of the original description makes one w onder why 
this fungus was ever placed in the sub-section Orthocera. The shape of spores 
pictured by Sherbakoff, wdth their narrowly tapering ends and their distinct 
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foot-cells, together with the high length : breadth ratio, would seem to elimi- 
nate it completely from this sub-section, and bring it in line with the Corns- 
trictfum-Fuaaria. Wollenweber and Beiniking [1936] have retained it in the 
sub-section Orthocera in spite of a length : breadth ratio of 13 : 1, which is 
quite outside the limits of the group. 

F. bostrycoidea hajs not in any of the observations made shown the bostry- 
coid branching by which it is supposed to be recognizable and from which it 
has taken its name. It has, however, a very distinct tendency to produce 
conidia in false heads. For the time being it seems advisable to retain this 
species, though eventually it mayjhave to undergo union with one of the others. 

We are left with Fvmrium orihoeeraa and F. conglulinans. It has been 
suggested by Wollenweber and Reinking [1936] that these two might be 
united, but it has not been done because the fungi grew somewhat differently. 
In the experiments described here, however, all distinctions have completely 
broken down. In many respects the differences between varieties within 
one of these species are greater than the differences between the two species, 
and all efforts have failed to reveal a characteristic difference between the so- 
called species. It seems that we are fully justified in uniting the two under 
the name Fusarium orfhoceraa App. and Wollenweber. 

Fvmrium conglviinana was the name given by Wollenweber [1913] for 
the fungus causing wilt disease of cabbage. The description was as follows 

‘ Differs from F. orthoceraa in the absence of a wine-red colour on lice. 
which is a striking character of typical species of the section Elegans. Vas- 
cular parasite, cause of wilt disease of Brassica oleraom var. capitata (proved 
by Erwin F. Smith, L. R. Jones and L. L. Harter) in the United States of 
America.’ 

It will be seen that the difference lies only in pigment production. 'S et 
Wollenweber and Reinking mention a rosy-white colour in F. congluiimvs 
and F. conglvtinana var. caUistephi, and conversely, as we have seen, non-pig 
mented strains are found in varieties of F. orthoceraa. If this were accepted 
as the significant difference between the two species, one wonders why Wollen- 
weber and Reinking placed F. apii var. paUena of Nelson and Cochran {F. 
apii var. paUiidum Nelson and Sherbakoff) as a variety of F. orthoceraa and not 
of F. conglviinana. The answer, of course, is that there is no fundamental 
difference between the species. 

Fortunately, F. orthoceraa is one of the species of Fvmrium which at the 
start had an adequate description [Appel and Wollenweber, 1910]. This 
certainly cannot be said of F. conglviinana. The original description of F. 
orthoceras covers the description of F. conglviinana and its varieties 6e<ae and 
caUiatephi, apart from the characters of pathogenicity. It is therefore pro- 
posed to rename these three fungi as follows : — 

Fvmrium orthoceras App. et Wollr. var. conglviinana n.c. 

Syn. F. conglviinana Yft. 

Morphologically indistinguishable from the fundamental species. Cause 
of a vascular wilt disease of Braaaica oleracea in North America (U. S. A.). 

Fvmrium orthoceras App. et Wollr. var. hetae n.c. 

Syn. F. conghAinana Wr. var. beiae Stewart. 
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Morphologically indistinguishable from the fundamental species, ('ause 
of a seedling blight of Beta tndgaris in North America (U. S. A.). 

Fuaarium orthoceraa App. et WoDr. var. callistephi n.c*. 

Syn. F. conglviinam var, majvs Wr. 

F. eonglutinana Wr. var. eaUiatephi Beach. 

Morphologically indistinguishable from the fundamental species, (jause 
of a vascular wilt disease of CcUliatephus chinenais in most countries where 
this plant is grown. 

The gram wilt fungi are considered to comprise one variety ; — 

Fuaarium orthoceraa App. et Wr. var. ciceri n. var. Morphologically 
indistinguishable from the fundamental species. Cause of a vascular wilt 
disease of Cicer arietinum in India. 

In the opinion of the author, the decision of Nelson, Coons and Cochran 
[1937] to change the names of Fnaarium orthoceraa var. apii Woll. et Rkg. 
and F. orthoceraa var. apii f. 1 Woll. and Rkg. to Fusarium apii and F. 
apii var. pallidum resj)ectively is unfortunate. The decision was based 
not on experimental evidence that the fungi concerned are morphologi- 
cally different from F. orthoceraa but on the opinit)n that pathogenic considera- 
tions should be a major criterion in distinguishing species — ‘The most im 
portant differential character is the distinct host relationship and it is chiefly 
on this basis that the segregation is made. ’ When Linford in 1928 created the 
variety piai of F. orthoc-eraa based on the ability of this fungus 1o cause a wilt 
of Piattm he laid the foundations of a nomenclatorial system for these fungi 
which was already of proved worth in Pnccinia graminis with its vaiieties. 
Linford’s procedure appears to be the one most likely to avoid confu.sion. 

Summary 

(1) Morphological and cultural studies have been made of eleven of the 
twelve species, varieties or physiologic forms of Fuaarium of the sub-section 
Orthocera, using cultures supplied by the Contraalbiueau voor Schimmel- 
oultures, Baarn. Fuaarium eonglutinana v&r. citrinum Wr. {F. citrinum Wr.), 
the remaining species, could not be obtained. Included in the e.\j)eriments 
were three fungi able to cause wilt of gram {Cicer arietinum). 

(2) The cidtures vary in ability to produce spores in the aerial mycelium, 
to produce septate spores, to produce chalmydospores, to produce pigments 
etc. 

(3) In respect of pigment production, the cultures fall in three groups 

(i) Producing blue or brown pigments, unaffected by addition of hydro- 

cbloric acid or potassium hydroxide. 

(ii) Producing a purple pigment, becoming red in hydrochloric acid and 

blue or violet in potassium hydroxide. 

(iii) Non-pigmented. 

While all cultures of F. eonglutinana failed to produce pigments, varieties 
or forms of F. orthoceraa fell within all three groups. Steamed rice is an excel- 
lent medium for studying pigment production. 

(!▼) Production of aeritd mycelium, and of a so-called ‘ stroma ’, and size 
of non-septate spores are of no value in identifying these species. 
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(v) Pigment production appeared not to be appreciably miBuenced by 
temperature of growth except with or/Aoccrcr^ var. apii f. 1 Woll., a fungus 
reported to be non -pigmented, but producing the purple pigment in some 
cultures at 20^ and 25® C, 

(vi) The only culture producing typical pionnot-es was F. conglvtinans var. 
calUstephi which is placed by Wollenweber and Reinking in the group A\i1h 
pionnotes typically absent. 

(vii) The effect of temperature on cither the number of septa tions or the 
length ol conidia was slight, but a temperature of 35® was markedly more 
favourable for c^hlamydospore production than one of 20® C. 

(viii) An experiment on the effect of asparagine in a synthetic medium on 
the septa tion or length of spores were inconclusive and it was found that 
replicate cultures often gave entirely different results. 

(ix) The results are discussed in detail and reasons arc given for regarding 
Fusarium congluUnans as a synonym of F , orthoceras^ which should he divided 
up into varieties based on major pathogenic capabilities. Reasons are given 
for not uniting F, orthoceras with the earlier F, livi or with F. bostrifcoidf^s 
or F» angustum. It is not clear, in fact, why F, angiistmn should be placed in 
the sub section Orthocera at all. 

(x) F. conglvtinans, F. conglvtinans var. hetae. and F, covgluthwns vai. 
callistephi, become varieties of F, orthoceras, and the ne^v varii tv F, or(hoc<ras 
var. ciccri is proposed. 

The author acknowledges his deep appreciation of lielj) rendered by Mr. 
H. H. Prasad in maintaining cultures, preparing media, and in man>' other 
ways. Thanks are due also to 13r. B, B. Mundkur for kindly making avail- 
able for use his personal collection of reprints. 
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Introduction 

W ITH the object of transferring the drought-resistant qualities of the 
Asiatic wild cotton G. Stocksii Mast, to the strains of rain fed cultivated 
cottons of southern India, hybridization lietween them was attempU^d by the 
Cotton Specialist, Coimbatore. The hybrids between the local Karunganni 
strain K1 {0. arborpum L. var. iieghctum Watt forma indicxi H. & (t.) (2n — 26) 
and G. Siocksii Mast. (2w=26), proved to be completely sterile. A cytological 
examination of the hybrid wius undertaken to discover the causes of its sterili- 
ty. 

Meiosis in similar hybrids between 0, Stocksii Mast, and other types of 
G, arborevm L. have been examined by Skovsted [1937]. 

Material and methods 

All the seeds and plant material required for the investigation were kindly 
supplied by Rao Bahadur V. Raraanatha Ayyar, Cotton Specialist, Coimba- 
tore. Flower buds for the study of meiosis were collected from plants which 
were grown at the Cotton Breeding Station and at the Imperial Sugarcane 
Breeding Station, Coimbatore. 

Flower buds were fixed in acetic alcohol for 24 hours, washed in 90 per 
cent alcohol and then dehydrated and infiltrated by the chloroform method 
[La Cour, 1931]. A thickness of IS to 20u was found necessaiy^ for anther 
sections. Slides stained in gentian violet gave good re.sults. 

Temporary aceto-carmine mounts of either fresh or fixed material were 
made according to the method suggested by Bellings [1926] and used for mi- 
croscopic examination and drawings. Such temporary mounts, after being 
ringed, were quite suitable for critical examination and fit for use for nearly 
five to seven days. A good number of drawings of meiotic stages reproduced 
in this paper were made from such temporar}^^ mounts. 

Meiosis in the parents 

Chromosome pairing and chiasma behaviour have been studied in both 
the parents at diplotene, diakinesis and inetaphase stages and the data are 

2B6 
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presented in Table I and II (Appendix). To ensure accuracy in determinations 
observations were made on 78 bivalents at each stage in both the species, 
confining observations only to uncut nuclei showing complete complement 
of chromosomes. 



0 1*3 + 


Number of chiasmaia per bivalent 

Fig. 1. Curves showing the chiasma frequency per bivalent in tlie two parents and 
L* the hybrid 



Fig. 2. Diplotene stage in O, 
qrboreum Kl ( x 1000) 


Fig« 3. Diplotene stage in O, Stockaii, 

(X2100) 
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The following observations have been recorded : 

The number of chiasmata in each bivalent varied from one to three in 
both the species, two being most common. V — , X — , O — , and 8-shaped 
bivalents were observed (Figs. 2 and 3). Except for slight variations from 
nucleus to nucleus, the general appearance and configurations of the bivalents 
at the same stage were nearly the same in both the species. The mean chias- 
mata per bivalent at diplotene was nearly 1*7 in both the species. Termina- 
lization of chiasmata was incomplete in both the species. I'here was increase 
in the coeflficient of termiiialization from diplotene to metaphase (Tables 
I and II and Fig. 1). Between diplotene and diakinesis stages there was 
very little reduction of the mean chiasmata per bivalent, whereas there 
was a definite reduction between diakinesis and metaphase. DiflFerential 
contraction of chromosomes has been observed at diplotene in both the species, 
some bivalents having shortened and thickened more rapidly than others 
(Figs. 2 and 3). 

The first and second meiotic divisions have been found to be quite normal 
giving rise to normal tetrads andjpollen grains. 

Mbiosis in the hybrid 

In the sterile Fi hybrid between the two species also, observations were 
made in the stages from dipoltene to metaphase. Just as in the case of the 
parents, six complete nuclei showing all the bivalent and univalent chromo- 
somes were selected for observations at each stage. The number of bivalents 
in a nucleus was seen to vary from five to nine, the average number per nucleus 
being nearly seven. The rest of the chromosomes remained as univalents 
(Figs. 5 and 6). The number of chiasmata in a bivalent varied from one to 
two only, the majority having only a single chiasma (Figs. 4 and 1). The 
mean chiasmata per bivalent at diplotene was, therefore, only 1*3 which 
was considerably less than that in the parents. This indicated that the afl5nity 
even among the pairing chroniosofhes in the hybrid was less than that in the 
parents. V — , X — , O — , and ^ — shaped bilavents could be seen. Tcrmina- 
lization of chiasmata in the bivalents was incomplete as in the parents (Fig. 1 
and Table III), but the reduction of the mean chiasmata per bivalent due 
to terminalization was gradual. The terminalization coefficients at the 
three stages were lower than those in the parents (Fig. 1 and Table III). 



Fig. 4. Diplotene stage in 0, arhoreutn KlxCr. Stocksi% (xlOOO) 
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Fig. 5. Meiotic motaphase stage in Fig. 6. Anaphase (meiotic) in the hybrid 
the hybrid showing bivalents showing arc -shaped chromatic 

and imivalents. ( x 2100) threads ( x 1000) 

In the large number of pollen mother cells examined, no configurations 
higher than bivalents could be seen. The numbers of bivalents were deter- 
mined in 24 pollen mother cells which gave an average of 7 • 13 per pollen mother 
cell. The details are given in the following table. 


Frejguency of different combinations of chromosome configurations 



Chromosome configurations 


No. of ditferent 
combinations 
foimd 

llnivalcnts 

Bivalents 

■ 

No. of pollen mother 
colls 

1 

If) 

1 

6 i 

1 

2 

14 

6 1 

4 

3 ; 

1 

1 

12 

1 

7 1 

! 

11 

I 

4 ^ 

j 

1 

10 

1 

* 

7 

1 

5 ! 

i 

j 

8 

9 

1 


Total of univalents .... 282 
Total of bivalents . . . . .171 

Mean number of univalents . . .11*76 

Mean number of bivalents . . .7-13 
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Afi is usual in many sterile interspecific hybrids, at metaphase, the biva- 
lents and the univalents were seen scattered about at random in the cytoplasm 
(Fig. 6). This irregular arrangement was due to the fact that all the chro- 
mosomes have not reached the equatorial plate and arranged themselves 
in the normal compact manner. Although most of the bivalents arranged 
themselves at the equatorial plate, very often a few of them were seen away 
from the plate, scattered about in the cytoplasm along with the univalentg 
(Figs. 6 and 7). When the paired chromosomes began to separate and an 
anaphase spindle was formed, the univalents were seen distributed at random 
on the spindle (Fig. 8). The fate of the univalents during this division was 
decided by their position in relation to the separating bivalents. Those 
situated far away from the equator moved with the daughter bivalents 
passing to the nearest pole, while those situated in or near about the equatorial 
plate scattered in the cytoplasm, either in groups or singly, without undergoing 
any division at first metaphase (i.e. predivision). Such irregular movements 
of the univalents relative to those of the bivalents that divided gave rise to 
various kinds of abnormalities in the grouping of the chromosomes at the end 
of the first division. Besides the two main groups of chromosomes, those 
that were extruded from the daughter nuclei into the cytoplasm were generally 
seen scattered singly or in groups of varying numbers (Fig. 11). Occasionally, 
however, certain pollen-mother-cells showed two distinct compact second 
metaphase plates (Fig. 12) with unequal numbers of chromosomes. 


9 

> 

Fig. 7. Anaphase (meotic) in the hybrid Fio. 8. Anaphase (mootic) in the hybrid 
showing separating bivalents connected showing a regular spindle, 

by chromatic threads. Notice the ( x 2100) 

non -parallel chromatic threads. 

(XIOOO) 
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Fig. 9. Pollen mother cells showing anaphases 
of Division 1 in the hybrid. Notice the 
division of one of the poles 
into two. ( X 1000) 


Fig. 10. Pollen mother cell of tho 
hybrid showing a tripolar spindle 
at Division 1. (x21CK)) 




laas. IJ and 12. Pollen mother cells of the hybrid showing second metaphase 
t>late8. ( X 1000) 
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The abnormal anaphase movements of the chromosomes mentioned above 
have been found to be associated with various irregularities of the first 
division spindle. In many pollen mother cells, although the univalents 
were scattered at random at anaphase, the spindle was straight and bipolar 
(Pig. 8) like the normal spindles of the parents. In most of the pollen mother 
cells, the separating daughter bivalents, although sufficiently far away from 
each other, appeared to be connected by slender chromatin threads (Figs. 
6 and 7). The imwinding spirals of the chromatin threads, as a result of the 
pulling force could be clearly seen. The bivalents were evidently under a 
constant stress of the pulling force, which naturally caused pulling out of the 
non-separated parts of the chromatin threads. Some of the cells showed the 
chromatin threads connecting the separating bivalents, bent in the form of 
arcs (Pig. 6). The direction of the pull indicated the orientation of the spindle 
threads and showed that the spindle threads also were of the same arc-shape, 
as if both the poles were situated on the same side of the cell. Tripolar 
spindles were also observed in some pollen-mother-cells (Fig. 10). In others 
a division has been found to occur at one of the two poles (Fig. 9). This has 
given rise to three main second metaphase plates with a few chromosomes 
extruded into the cytoplasm either singly or in groups. 

As has been shown above, these abnormalities of the first division left 
the chromosomes scattered in several groups or singly (Fig. 11), and each of 
these groups or solitary chromosomes formed a second metaphase plate. 
The number of such plates were seen to vary from two to six. The 
chromasomes of these second metaphase platens were either univalents, daugh- 
ter bivalents, or even undivided bivalents, which were all capable of division 
at this stage. The second division spindles were, therefore, seen to be normal 
(Fig. 13) in all the pollen- mother-cell examined. The second metaphase 
plates which contained a small number of chromosomes divided, giving rise 
to micronuclei and micropollen grains. Occasionally, a platt^ which contained 
only a single chromosome, remained undivided (Fig. 13) giving rise to a micro- 
poUen grain with a single diad chromosome. Thus it is seen that the pollen 
grains produced were without the normal complement of chromosomes. In a 
total of 194 pollen-mother-oelLs examined, the number of pollen grains pro- 
duced by a pollen-mother-cell have been found to vary from three to eleven. 



Fig. 13. A pollen mother cell of the hybrid showing second division spuidlee. See 
the solitary undivided diad chromosome. ( x 1250) 
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Discussion 
Causes of sterility 

It is evident from the observations made that sterility in tliis hybrid 
is due mainly to incomplete pairing of chromosomes at meiosis, as was observed 
by Skovsted [1935, 1937] in similar interspecific hybrids between these two 
species and other hybrids among Asiatic cottons. Such failure of pairing is 
generally caused by lack of homology of various degrees between the chromo- 
somes of the two species involved. Absence of homology in the present 
instances may be attributed to loss of homology of the chromosomes of the 
two species as a result of geographical isolation for long periods and their 
consequent independent evolution, as suggested also by Skovsted [1935, 
1937], The degree of incompatability brought about in the genoms of the 
two species by such divergent evolutions was vividly shown by the abnormal 
meiotic behaviour of the chromosomes in the hybrid. As mentioned above, 
these abnormalities have been found to be closely associated with irregulari- 
ties in the development of the spindle. According to Darlington and Thomas 
[1937], a normal spindle is developed by the coordinate action of two agents 
in the cell, one outside the nucleus and the other inside the nucleus and, 
therefore, a defective spindle may arise from ‘ faults ’ in the ‘ mutual adjust- 
ment ’ of the two agents. The extra nuclear agents responsible for spindle 
development in plants, according to these authors, coirespond in function 
to the centrosomes found in animals and some lower plants, but are of a 
different character in that they may ‘ he supposed to exist as diffused particles 
which coalesce or congregate at the moment when spindle poles are normally 
formed On the other hand the internal agent is the coordinated action 
of the centromeres of the dividing chromosomes. ‘ It seems that to prevent 
the spindle stretching and bending it is necessary not only to have paired 
chromosomes, but also to have them there at the right time ’ [Darlington, 
1937]. Therefore, it follows that variations in the irregularities of the spindle 
may depend also on the varying numbers of paired chromosomes present. 
It has been shown that in many of the pollen mother cells of the present 
hybrid the spindle was straight and bipolar (Fig. 8) like the normal spindles of 
the parents. It was quite likely that in such cells, the number of bivalents were 
proportionately high and the majority of them reached the equatorial region 
in time, formed a regular plate and then separted more or less at the same 
time, thus controlling the development of the regular spindle. In cells where 
the number of paired chromosomes ready to divide were comparatively at a 
minimum, i.e. five or six, the spindle had a tendency to bend in the form of 
arcs (Pig. 6). This was perhaps due to lack of pairing or to ‘ the spindle 
developing too early in relation to the chrosomes ’ [Darlington, 1937]. Such 
bent spindles have been observed in many other organisms also e.g. Drosophila 
[Roller, 1934], Impatieus [Smith, 1935]. It was mentioned that in a large 
majority of the polen-mother-cells, at first anaphase, the separating bivalents, 
although sufficiently far away from each other, appeared to be still connected 
by chromatin threads. This non-separation of the chromatin threads for 
a long time, in spite of the influence of the spindle on the anaphase movement 
of the daughter bivalents, may probably have been due to the fact that the 
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Bpindle began its action in the process of division l>efore the bivalents were 
ready to separate, and that may have naturally caused pulling out of the non- 
separated parts of the chromatin threads. The formation of tripolar spindles 
was also among the abnormalities observed (Figs. 9 and 11). This may be 
attributed to the ‘ congregation or coalescence ’ of the pole determining material 
(external agent) in more than two regions, as shown by Darlington find Thomas 
[1937] in a Fe^tnca-Lolium derivative. Even this ‘ congregation or colales- 
cence ’ at a certain pole may sometimes be rather diffuse fis was indicated by 
the non-parallel spindle threads in certain pollen-mother-cells (Fig. 7). All 
these irregularities of cell division at once indicate a probable fault in the 
timing adjustment of the two agents responsible for spindle development. 
Besides loss of homology between their chromf>somes, each of the two parents 
of this hybrid may have, by their divergent evolution, acquired different 
characteristics and different timings in the various stages of cell division. 
When they are brought together in hybridity naturally a certain amount of 
disagreement may occur in the timings of the various stages of cell division 
as indicated in the observations made. This kind of timing unbalance in the 
movements of the chromosomes of the hybrid was observed even at the pro- 
phase stages. It has been mentioned already that in the parents themselves, 
there was a certain amount of differential condensation of the chromosomes 
at the diplotene stage and that such differences could not be observed at 
diakinesis and later stages. In the hybrid, however, differential condensation 
of the chromosomes was very marked and persisted even up to the diakinesis 
stage. It may be due to this timing unbalance among the chromosomes of 
the hybrid that some of the paired chromosomes at metaphase were not ready 
to come to the equatorial plate for division (Figs. 6 and 7), and it may be the 
same disharmony that enhanced the abnormalities of the spindh^. 

Inter-rflati ip 

It has been shown that out of the 13 pairs of chromosomes of the two 
parents, G, ur6orci/m-Kl and G. Stocksii Mast., only about seven pairs (i.e. 
nearly half) arc homologous, while the other six chromosomes appear to be 
non-homologous. Skovsted’s work [1937] has indicated that chromosome 
homology of some degrt^e exists in all the interspecific hybrids studied. This 
has led him to think that all the cottons concerned are of monophyletic origin. 
From the point of view of chromosome homology he has further show n that 
6?. Stocksii Mast, is less related to the Old World cottons than the other wild 
cottons, O. Siartii F, M. anckf:^^. anomalnm WawTa and Peyr. When hybrids 
between Old World cultivated cottons and the wild cottons, G. anomaJum 
Wawra and Peyr. and O. Sturiii F. M., show bivalents varying from 9 5 to 
11 85, the hybrids between 0. Stocksii Mast, and the Old World cultivated 
cottons show bivalents varying from only 3* 2 to 7 • 05 [Skovsted, 1937]. More- 
over, the former set of hybrids show a few trivalents and quadrivalents, w^here- 
as the latter set do not seem to show any configurations higher than bivalents. 
In the present hybrid also the average number of bivalents per pollen-mother- 
cell does not exceed 7*13, and there appears to be no evidence of anj^ auto- 
syndesis taking place. These evidences seem to indicate a distinct difference 
between 0. Stocksii Mast, and the other two Old World wild cottons in their 
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relationships with the Old World cultivated cottons. In this connexion 
special attention may bo drawn to the fact that in all the hybrids of which 
O, Stockaii Mast, is one of the parents, on an averge, not more than about 
seven pairs of chromosomes seem to be homologous. It may, therefore, follow 
that the remaining (i.e. six pairs) chromosomes of this species, which do not 
pair with the chromosomes of the other Old World cottons, might have origin- 
ated from a source entirely different from the source from which the corres- 
ponding set of chromosomes in the other Old World cottons have arisen. 
Davie [1933] and Skovsted [1937], basing their evidence on secondary pairing 
of chromosomes, have suggested, that the 26 chromosomes condition of the 
diploid cottons represent a secondary condition derived from a lower ancestral 
number. The morphological distinction between the two pairs of satellited 
chromosomes of the somatic complements of these two species, pointed out 
by the author [Abraham 1940], also lend support to this view. If this is the 
real state of affairs, then it may be suggested, in view of the evidence from 
chromosome pairing given above, that the 26 chromosomes conditions of 

O. Stockaii Mast, was derived, from a lower number of six or seven chromosomes, 
by a method different from that by which the other species have derived 
it. Further cytological studies on the inter-relationships among Old World 
cottons might clear up this issue. 


Summary 

1. In the two cottons, O, arboreum L. var. neglecturn Watt, forma indim 
H. & G. — strain K1 and 6?. Stockaii Mast., the first and second meiotic divi- 
sions were found to be normal. 

2. The mean chiasmata per bivalent at diplotene was nearly 1*7 in both. 

3. The reduction of the mean chiasmata per bivalent due to terminaliza- 
tion between diplotene and diakinesis was slight (0-03 in arboreum and nil in 
Stockaii), whereas there was a considerable reduction l>etween diakinesis 
and metaphase (0*08 in arboreum and 0-10 in Stockaii). 

4. In the hybrid chromosome pairing was incomplete, the number of 
bivalents in a nucleus varying from five to nine with an average of 7-13. 

5. The mean chiasmata per bivalent at diplotene was only 1«3 and the 
reduction of the mean chiasmata per bivalent due to terminahzation was 
gradual. 

6. The anaphase movements of the chromosomes and the development 
of the first division spindle in the hybrid were found to be highly irregular. 

7. Besides normal spindles, tripolar and bent spindles have Ijeen observed. 

8. Sterility in the hybrid is found to be the result of the irregularities of 
cell division, caused by incomplete pairing of chromosomes at meiosis. 

9. It is likely that irregularities in cell division may be caused also by 
differences in the timings of the various stages of cell division acquired by the 
parent species as a result of their divergent evolution. 

10. In all crosses between G. Stockaii Mast, and other Old World cottons 
so far examined, not more than about seven chromosomes of the two species 
were found to be homologous. This suggests that the remaining six chromo- 
somes of 0. Stockaii Mast, have had an origin entirely different from that of 
the corresponding set in other Old World cottons. 
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Appendix 

Table I 

Summary of observations of chiastna behaviour 
G. arboreum — K1 


' Diplotene 

! 

1 

Diakinosis 

Metaphase 

) of chiasmata 

1 

1 : 


Total 

130 

128 

! 

122 

Interstitial 

29 

10 1 

1 

15 

Terminal 

101 

1 

j 

109 

1 

107 

i 

Terminali^ation coefficient 

i 

! 0-777 

1 

0-826 ; 

0-877 
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Table I — contd. 


Diplotene 

1 Diakiuesis 

Metaphase 

la Noe, of ckicienmta per bivalent 

Total 

1-66 

1-64 

j 

1 

1-56 

Tnlerstitial ..... 

0-37 

0*24 

019 

Terminal 

l-2» 

1 i 

1-40 ! 

1*37 


2 Noe, of hivuhnie with 
l-cl)iasma 


per cent 


2*chiasniata 


3-(‘hia.smata 


per cent 


per cent 


3 Tenninnlizution rocfficioit 

1- chia^ma 

2- chia8mata 


34 

43-6 


40 . 16 

51-3 59-0 

« 2 

7-7 2*6 

0-666 j 0-667 0-618 

i 

0-875 i 0*935 0*977 

i 



32 30 

41 U 384 


3-chia«8fnata 


0-556 


0-500 
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Table II 

Summary of obdtrvations of chiaama behaviour 


0. Stoekaii 



1 

! 

Diplotene i 

i 

1 

1 

Diakinesirf 

Metapliase 

1 Not, of chiatnuUa 

! 



Total 

132 

132 

124- 

Interstitial ..... 

33 

24 

23 

Terminal ..... 

99 

108 

101 

TerminalizAtion coefficient 

0-75f) 

1 

1 

0-818 

0-815 

la Not, of chiatmata per hivalnit 




ToUl 

1-69 

1 -69 

1-59 

Interstitial ..... 

0-42 , 

0-31 

0 29 

Terminal ..... 

1 1-27 

1-38 ^ 

1 

1 

1-30 

1 - 

2 Not, of bivalents uith 



1 

1 

! 

1 -chiaama ..... 

f)er cent 

2-chiaamata ..... 

|K?r cent 

2-chiafiniata ..... 

|fer cent 

1 

31 

39*7 I 
40 

51 3 

7 

9 0 

28 

35-9 

' 46 

59-0 

4 

5-2 

1 

1 -'I- 

, 41 0 

46 

59-0 

3 Terminilization coefficient 


I 


l-chia«ma ..... 

0913 

0-714 

0*656 

2-ehiaismata ..... 

0*8G3 

0-870 

0-869 

3-ehia«inata . . . . . 

j 0*524 

1 

0*667 

! 



S-chiaMnuta 
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Tabm! Ill 

Summary of obaervatione of (Miasma behaviour 

0. arboreum — K1 X 0. Stockaii — 


1 

Diplotone 

Diakinesis 

Metaphase 

\ Nos. of cJiinstnata 

, 

1 



Total ...... 

r>2 1 

r>i 

50 

Intf^rstitial ..... 

IS I 

16 

17 

I'erminal ..... 

34 

3.5 

33 

Terminalization coeffieient 

O054 

0-686 

0*600 

la Nos. of chiasmata per bivalent 

Total 

1 

1*27 

1-19 

1*U 

Interstitial ..... 

0-44 

0-37 

0-39 

Terminal ..... 

0*83 

0-81 

0-75 

2 No, of bivalents with 

l-chiasma ..... 

30 

3r> 

38 

per cent 

73-2 

81-4 

86-4 

2-chiasmata ..... 

i 

8 

6 

per cent 

1 2«-8 

18-6 

J3-6 

3>chia8mata ..... 

: . . 


, , 

per cent 

1 

1 

i 

• • 


3 T enninalizatio7i coefficient with 

1 

1 

1 1 



1-chiasma 

i (1033 1 

0*686 

0*632 

2-chia8mata ..... 

[ 0-«82 j 

0-688 

1-000 

3-chiasmata ..... 

1 

! 

j 

. . 

. . 

- - 

1 t 




MORPHOLOGY OF THE SOMATIC CHROMOSOMES 
OF THREE ASIATIC COTTONS 

BY 

P. ABRAHAM, B.A., M.Sc. 

Agricultural Research Ivslitule, Coimbatore 
(RepfivH for jiublicHtion on 21 .luno 1939) 

(With throe text-figures) 

T he morphology of the somatic chromosomes of the three Asiatic cottons, 
G. Stocksii Mast., G. arhorenm L, var. neghetam forma itidica H. & G. 
(strain Kl) and G, herhaceuw L. vnr. fry teffcem Delile (strain 2919) was studied 
in detail. Root-tips of germinating seeds were fixed in a number of fixatives 
of which Navashin’s fluid was found most satisfactory. The slides were stained 
in Newton’s Gentian violet and Haidenhain's haematoxylin. Both stains 
gave good results with tin* al»ove fixing fluid. The lengths of the chromosomes 
in five metaphase' plates have been measured in e'ach species, from root-tips 
which w'cre fixenl the same day and hav'e be'en given the same treatment. 
Gare was taken to s(*e' that the metaphase plate's selected for measurement 
were from approximately analogous portions of the roots and that in all these 
plates the chromosome's we^re* well spivad out with as few liends and curves 
in the individual chromoNoines as possible'. The lemgths of chromosomes were 
measured with the aiel of an e'ye-pie'ce ini(*rom(‘teT which was adjusted to small 
lengths so as tc) enabk' the iK'iids in (he chromo.somes to be followed easily. 
The lengths were then converted into microns, f’orrection for foreshortening 
was not done lKM*ause, as meiitioru'el above, care was taken to see that 
the m^taphu'^ ' plates seleet/d did not mxnifest much for-shortening of chromo- 
somes. Table 1 gives the chromosonu' si/.«' frequencies in a single metaphase 
plate of each of the tlmn* species. For the sake of convenience chromosomes 
showing ajiproximately llu' sanu' length in (‘ach s}K.'cies have been grouped 
together in this table. 

Table I 


( 'hnymoscmies Hizi frequencies of the three species 


S|H'eie,s 

variations in microns 

~ ’ 1 

2-2 2-5 1 2-8 3 0 3-3 | 3-6 

I 

Total 
No. of 
ciiroino- 

somes 

Ch StocJesii . . . | 

j 

i ' ‘ ! 

i> 10 1 (1 4 

’ i I 

2fi 

(/. arboreum, K 1 . j 

1 

ti 10 ' S ^ 2 1 . . ; . } 

2i\ 

(t. herbaceum, 2919 , 

2 si ti j S ! 2 ! 

1 > 

2fi 
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The differences between the chromosome lengths of the three species 
have been statistically analysed and the results are given in Table 11. 


Table II 


Analysis of variance of the chromosome lengths of the. three, species 


Name of the species 

No. of I 
plates 1 
examined 1 

1 

Average 

length 

yier 

]>late j 

j 

' Error 

cent- 

j 

Whether 
z tost 
was 

satisfied 

Critical 
difference 
(P-0 05) 

G, herbaceum . 

5 

78-3 

! __ 1 

1 

I 

. . 

G, Stocksii 

5 1 

j 

(i8 • 4 

0-76 

Yos i 

1'77 

0, arboreum 

5 j 

i 

fi8-0 ! 

• • 



Conclusion : — G. 

herbaceum >(7. 

siochsii 

G, arboreum 



The following conclusions regarding chromosome mor])hoIogy have been 
recorded : 


Chromosome size 

(a) The three species studied showed a gradation in the lengths of the 
chromosomes (figs. la-3fc) from the shortest to the longest as was also observed 
by Skovsted [1934] in O. arhoremn L. (1 -Of.-— .3 - 2 ( 1 ) and Arutjunova [1936] 
in Q. herbaceum L. and G. hirsutmn L. Baranov [1930] also observed differences 
in size of the respective arms of the chromosomes and of the satellites. 

(b) The two .species 0. arborenm L. and G. Stocksii Mast, have lieen found 
to have the same range in the lengths of their chromo.somes, which is about 2-2 
microns to 3 microns whereas in G. herbaceum L., the range is from 2'5 to 3'0 
microns, thus revealing a distinct increase in the lengths of all the chromosomes 
of G. herbaceum L. (Table 1). The variations in the total length of chromosomes 
between the three species may be noted from Table 11. 

(c) There is distinct variation in the thickne.ss of the chromosomes among 
the three species, although under identical fixation and treatment, the chromo- 
somes of each species have been found to show uniform thickness {Figs, la— 36). 
The chromosomes of G. Ntoc.ksii Mast, are the thinnest, while those of Q. herba- 
ceum Tj. are the thickest, G. arboreum L. occupying an intermediate position. 
The differences in thickness indicate differences" in volume. These va^tions 
in size from species to species may be con.«<idered to be genetic characters of t^^ 
species, 






302 THE TNlUAN JOUHNAL OF AGlUCOl/rURAL SCIENCE [X 

Chromosome morphology 

1. In all of the three species examined, two pairs of chromosomes were 
found to have satellites as was observed by Skovstcd [1933, 1935] in these 
three species and Arutjunova [1936] in G. herbacemn L. 

2. Attachment co7istrictions — 

(а) The two pairs of chromosomes with satellites in all the three species 
appear to be morphologically distinct in that one pair has median attachment 
constriction whereas the other pair has sub-median attachment constriction 
at the satellite end. 

(б) Of the rest of the chromosomes in each of the three species, two pairs 
have their attachment constrictions situated nearly a third of the length from 
one end. In O. Stocksii Mast, and G. abroreum L., these two pairs arc among 
the medium-sized ones whereas in G. herbaceum L. one of these two pairs is 
foimd to be one of the longest (Figs, la — 3b). 

(c) All the other chromosomes have more or less median attachment con- 
strictions. 

According to Skovsted [1934]. half of the chromosomes of the American 
cottons (2n=52) are small and the other half longer, the lattt^r being comparable 
in size to the chromosomes of Asiatic cottons (2/e==:26), and the former to those 
of American wild species (2w=26). This led him to the conclusion that the 
American cottons {2n=62) originated from a cross between an Asiatic cotton 
and an American wild cotton (2w.— 26). He further states (Skovsted, 1935] 
that no difference in size and other features could lx? observed l)ctween the 
somatic chromosomes of the Asiatic cottons, G. Stockm ]\Iast., G, abroreum L. 
and G, herbaceum L. In the present investigation 1 have observed distinct 
differences in the size and other morphological features. These studies indicate 
the need for a re-examination of the problem relating to chromosome size and 
morphology in the different species of cotton and their hybrids. 
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ON THE NATURE OF THE REACTIONS RESPONSIBLE 

FOR SOIL ACIDITY 

VI. THE VARIABILITY OF THE TOTAL NEUTRALTZABLE ACID OF 
COLLOIDAL SOLUTIONS OF HYDROGEN CLAYS* 

BY 

R. P. MITRA, D.Sc.** 
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AND 

S. N. BAGCHI, M.Rc. 

Physical Chemistry Laboratory, T^niversity College of Science and Technology , 

Calcutta 

(Received for publication on 12 S^ptombor 1939) 

(With seven text- figures) 

I N part V of this series fMitra, 1930] experimental results liave been 
given showing the indefinite character of the total neutralizable acid 
of a hydrogen clay »ol calculated from its titration curves, losing different 
bases, the titration curves gave different values of the total acid measured at a 
fixed pH. In this paper, the variations of the total acid have been studied in 
greater detail. The total acid ha.s been estimated on titration in jiresence and 
absence of neutral salts. Diffierent conc^entrations of salts have been used and 
the titrations (tarried out witli different bases. The total acids of the corres- 
ponding ultrafiltrates and leachates have also been measured. 

Such investigations have a twofold interest. They are likely, first, to 
elucidate the electrochemical behaviour of hydrogen clay sols as colloidal a(id 
systems and secondly, to bring out the factors affecting the total amount of acid 
which enters into the redaction between a soil and an ndiled ba.se. that is, the 
factors which affec t the base binding capacity and the lime rec|uirement of .soil, 
Tliese quantities are rather illdefined fHissink, 193o], concordant results being 
seldom obtained by alternative routine methods [Crowther and Martin, 1925]. 
A knowledge of the fa(*tors responsible for the variations is thus ne(*es.sary. 
One of the obje('ts of this investigation has been the elucidation of these factors. 

Experimental 

The method of preparing colloidal solutions of hydrogen clays, the techni- 
que of potent iornctric and conductometric titrations and the various appara- 
tus used in this work have been described in the previous paper of thi.; serie.s 

*The results given in this paper have boon taken from the published annual reports 
for 1935-3B and 193(5-37 on the working of a ' Scheme of Research into tln' Properties of 
Colloid Soil Consfitifents’ financed by the Imperial Council of Agrieiiltunil Re.seareli, 
India and directed by Professor J. N. Mukherjee. The authors’ thanks are due to the 
University of Calcutta for permission to work in the Phy.sical Chemistry Laboratories of 
the University and for other facilities. 

♦♦Senior Assistant Soil f 'hemist under the above scheme, 
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[Mitra, 1936]. The soils’^ from which the hydrogen olays used in this work 
were prepared are listed below together with the available information 
regarding them. 

1. Suri (Bengal) Farm Soil. Agricultural Chemist’s experimental plot. 

Block A 1 — 16, plot Nos. 3, 5, 16. No manure. Collected 
from a depth of 6-in. — 12-in. 

2. Burdwan (Bengal) Farm Soil. Block B, plot No. 40. Standing 

crop — Kalai ; surface soil collected from a depth of 0-in. — 6-in. 

3. Soil from Government Seed Farm, Kalyanpore (U. P.) ; a brown 

loam ; surface soil included in the * Doab \ 

4. Black Cotton Soil from Satara Dt. (Bombay Province) ; surface soil, 

calcium saturated and neutral. 

6. Black Soil from Bilaspur near Raipur (Central Provinces) ; surface 
soil, neutral. 

6. Red laterite soil from Dacca (Bengal) Farm collected from a depth 
of 0-in. — 6-in. 

Aqueous suspensions of hydrogen clays prepared from the clay fractions of 
the first three soils were centrifuged to obtain stable sols, E, F and H respec- 
tively. Sols I, K and L were prepared from hydrogen clays obtained, respec- 
tively, from the entire clay fractions of the remaining three soils. 

Results 

A. Total acidities of colloidal solutions of hydrogen clays obtained 
ON titration with different strong bases 

Figs. 1, 2 and 3 show the titration curves of sols E, H and L obtained on 
titration with different bases. 



Fro. 1. Sol E 

♦Soils Nos. 1, 2 and 6 were obtained through the courtesy of the Agricultural Chemist 
to the Government of Bengal. Soils Nos. 3, 4 and 5 were kindly supplied by the Superin- 
tendent, Government Seed Farm, Cawnpore and t*he Agricultural Chemists to Uie Govern- 
ments of Bombay and C. P. respectively. 
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Tn agreement with previous observations [Mitra, 1936] the titration curves* 
show definite inflection points and minima. The total acids of the sols calcu- 
lated from the dtration curves at the first ** inflection point and the minimum 
as also at pH 7 • 0 are given below. 

Table T 

Total acid in m.e. base per 100 gm, colloid {oven-dried) 


Sol 

t 

1 Base used for titration 

1 


At first inflectioii 
point of titration 
curve 

At />H 7 0 

At minimum of 
conductometric 
curve 

E 

Ba (0H)2 




20*6 

25 0 

19-6 


Ca (OH)a. 


• 


21-6 

26-2 

18 0 


NaOH . 



‘ 

22 

15*4 

2*5 

H 

Ba ( 0 H )2 




21-6 

32 0 ! 

n.d.^ 


I Ca (OH)a 




21*5 

32-8 i 

n.d. 


! NaOH . 





10-7 ; 

n. d. 

L 

i Ba(OH)2 



1 

17-5 

17*0 

n. d. 


1 Ca(OH) 2 . 



• 

190 

10 5 

II. d. 


♦ Not dotorminod. 

The total acidity of ^oils E and H at the inflection point, or, the minimum 
of the conductometric titration curve is less than that at p\\ 7*0. Tliis is to 
be expected as the inflection points and the miiiiina excur iii the a(*id region. 

The total acidities at the inflection point and at pH 7-0 which react with 
different bases are in the order Ca(OH) 2 > Ha(()H) 2 > NaOH. Calcium 
hydroxide appears to have a somewhat greater effec t tlian baryta. The rela- 
tive eft’ects of these two bases have been more fully dealt with later. 

B. Effect of addition of neutral salts on the total acidity of hydro- 
gen CLAY sols 

The nature of the titration curve of a hyflrogen (day sol with a given base 
as also the total acidity calculated from the curve have been observed in this 
work to be modified to a marked extent \\hen the titration is carried out in the 
prescn(?e of a neutral salt. This ‘ neutral salt effect ’ has fieen studied in some 
detail. For this purpose, the total acidities of (/) the sols. (//) the sol -4- salt 
mixtures, {Hi) the clear supernatant licjuids a!)ove the coagula of these mixtures 
and {iv) the neutral salt extracts obtained on repeatedly leaching the sols 
with solutions of the salts have been estimati'd. Different bases and different 
neutral salts have been userl. 

*A detailed discussion of the f<’atures of tfir eiirvcH has not bci^n (»ntered into in this 
paper. This will be done in the concluding j)a])cr of this scries to be shortly communi- 
cated for publication in this journal. 

♦♦The titration curves do not show a second infl(iction up to the pH to which the 
titration had been extended. It might be observed at higher alkaline regions wiiere, 
ijowever, a ‘ break-down * of the exchange complex rnigfit occur. Evidence of a complete 
‘ break-down ’ of the H-clay from a lateiitic soil has been obtained at pH 13-6 though no 
2nd inflection was observed on titration to this pH. Further work on this point is in 
pi’ogress. 
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(d) Total acids tn presence and> absence of salts having the same cations as the 

bases 

The following reBults were obtained with sols E, F, H and L. 


Table II 


sol 

Bntic* lifted for 
titrailou 

Ta* 

Tu* 

Sail adde d 1 

and cone, of 
i>alt 

Th* 

Ts'* 

n/Ta 

TsVTa' i 

1 

•• 

l>H(o) 1 

1 

•• 

pH (») 

£ 

i Ba(01!), 

20 -fi 

25 0 

0 1 A Hal 1, 

28-0 

^42 4 

1 

1*31 

>1 67 i 

60 i 

4 


(a<OH)i 

21*f» 

20 2 

0 *1^ Cal 1, . 

21 2 

40 S 

0-97 

1-57 1 

6-8 

4 


KaOH . 

2 2 

15-4 

O lA^aCl . 

IfCJ 

26 4 

7-30 

1-71 

5-4 

»• 

F 

Ba(Oll), 

:n 0 

•Mi • 4 

O lA Hull, 

38 -4 

641 

1-24 

1 63 

6*2 

5 2 


NaOH . 

0-8 

;i2 0 

O IJS KalT . 

27 0 

56 0 

2'7r. 

1-75 j 

50 

1 

H 

Ba<OH), 

210 

;]2 0 

0-83A' HaCl, 

30 5 

50 . U ' 

1-42 

1 56 ^ 

5*8 

> 4-8 


Ca(OB), 

21-5 . 

32*8 

0-83^ CaCl, 

20 3 

47 0 

1 36 

1-43 1 

6-6 

i 5 0 


NaOH 


10*7 

U*83A Kail 

22*5 

40 0 

... 

3-8 

••• 

4 8 

L 

]U(01I). 

17 50 

17 0 

1 -OA Hal 1, 

32 0 

40 5 

1-H2 

2-31 

71 

' 5-4 


(a(OB), 

19 0 

lor. 

1‘OA ( al 1, . 

30 0 

32 5 

1-58 

1 66 

6 6 

61 


♦Ta and Ta' dt-note the total acidities in m. e. base per 100 gm. of colloid in absence 
of salt caleulati’d respect ivelj from the fimt inflection point of ttie potcntiometric titration 
euive and from tin* amount of the base which had to Ih’ added to make the pH of the 
sol 7 •(». Tk and Th' denott* the corresponding total aciditit^s in presence of salt. 

and pH(a) denote the pH at the first inflection point in the titration curve 
obtained on titration in jiresence and absence of salt respectively. 

Figs. 3, 4. 5 and 6 show the titration curves from w hich the total acidities 
given in table II have been calculated. 



M e . bM« CottoiS ► 


* Fig. 4 * 6ol E 
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The results show that a considerably larger value of the total acid calculat- 
ed at the inflection point of the titration curve is obtained when the sol is titrat* 
ed in the presence of a salt than when titrated alone. In making this compa- 
rison, the pH at which th(5 total acids are measured is an important factor for, 
as the titration curves show, increasing amounts of the acid react with the base 
as the pH rises. The inflection point in the titration curve of a sol +salt 
mixture occurs at a lower pH than the inflection point in the titration curve of 
the sol itself (Table II). It is significant that even then a larger value of the 
total acid (calculated at the inflection point) is obtained on titration in the 
presence of the salt than in its absence. The cations of the salt present in large 
numbers thus have an unmistakable effect on the total amount of the acid 
reacting with the base. This cation effect is as important a factor in determin- 
ing the total acid as the pH at which it is measured. It is strikingly brought 
out on comparing the total acids of the sol (Ta') and the sal + salt mixture 
(Ts') at the same pH, e.g. pH 7’0. Ts' is always greater than Ta'. 

Table II shows a slightly lower value of the total acid (at the inflection 
point) of sol E when it is titrated with Ca (OH )2 in presence of 0* 1 N CaCl, 
than when titrated alone. The difference is only ±1*5 per cent and lies within 
the limits of experimental error. The failure to obtain a larger total acid in the 
presence of the salt arises mainly from the fact that the inflection point in the 
titration curve occurs at a much lower pH when the sol is titrated with the salt 
than when the sol alone is used. Measured at pH 7*0, the sol -f CaClg 
mixture shows a much larger total acid than the sol itself indicating a distinct 
cation effect. 

Titration with caustic soda in the presence of NaCl. shows the highest 
relative increase (highest value fi>r Ts/Ta) in the total acid calculated at the 
first inflection point. This signifies that at the inflexion point caustic soda 
neutralizes only a small fraction of the H^ ions associated with the colloidal 
particles. It neutralizes them after they have been exc^hanged for the cations 
of the salt. 

A reference t-o Table 11 will further show that the total acid (both at the 
first inflection point and at j)H 7 • 0) reacting with different bases in the presence 
of the corresponding salts at the same concentration follows the order : 
Ba(OH)|> Ca(OH) 2 >^ NaOH. The order of total acidities, however, 
changes to Ca(OH) 2 > Ba(OH) 2 > NaOH when the sols alone are titrated. 

The following results illustrate the dependence of the total acid on the 
concentration of the added salt. 

Table III 


So) 

T 

Bam! uM»tl for tttratloii 

1 

Salt 

addod 

I 

i 

Cone, of 
Halt 

Ta* 

T.i'* 

Ts* 

Ts'* 

Th/Ta 

Ts'/Ta' 

£ 

1 NaOH 


NaC’l 


OOl.V 


2-2 

i:»-4 

104 

10 5 


7-4.5 

1*27 


! NaOH . 


NaCl 


Ol.V 



ir»-4 

101 

26*4 


7*30 

1-71 


BA(OH>t 


Ba('1, 

I 

OOl.V 


20 0 

25 0 

20 S 

25-5 


lOi) 

102 


j Ba (OH), 


Ba( 1, 


0-1.V 



25 0 

2SO 

; 42-4 , 


1 31 

1-67 

H 

; Ba(OH), 


BaCI, 


0-05.V 


21 5 

32 0 

25 0 

380 


1*16 

1*19 


I Ba(OH>, 


BaCI, 


0*2.^.V 


21 5 

32 0 

27 0 

440 


1-20 

1*87 


1 Ba(OH>, 

* j 

Ba( 1, 


0d3.V 

j 

21 5 

32 0 

30 * 5 

50-0 


1 -42 

i 

1 *50 

— 

I 


— - 


- 



- 

- - 




*- 


♦Ta. Ta', Ts and hnvo the same sigiufieanco as indicated before, 
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Fig. 7 shows the titration curves of sol H and sol H + BaCl| mixtures from 
which their total acids given in table III have been calculated. 



Fig. 7, Sol H 

Beginning with the titration curve of the sol at the extreme left a lateral 
displacement of the curves of the sol + salt mixtures towards the right is 
observed as the ronoentration of the salt in the mixture increases indicating a 
gradual increase*!]) the total acidity with the concentration of the salt in the 
mixture. 

(6) The total acidities of {i) the sol, (it) the sol + salt mixture and {Hi) the clear 
supernatant liquid above the coagulum of the sol + salt mixture 

In Fig. 6 are given the titration curves of (t) sol F, (n) mixtures of sol F 
and salts (0* IN) and (in) the clear supernatant liquids above the coagula of 
these mixtures. " 

The inflection points in the titration curves of {Hi) are sharper than those of 
(t) and {ii) which si^ifies that a strong acid is being neutralized in {Hi). The 
titration curves of {Hi), however, show a slight initial rise followed by a small 
of stronger buffering before the sharp inflection is observed. The 
initial rise would not be expected if only hydrochloric acid fonned by the 
interaction of the hydrogen clay and the neutral salt were being titrated in 
{Hi). It would be expected if {Hi) also contained some ‘ displaced ’ aluminium 
tons. In the next paper of this series it has been shoivn that using a sufficiently 
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low oonoentration of the salt, preferably that of an alkali metal cation, the 
titration curve of (m) has a truly strong acid character, the above init.in.1 rue 
not being in evidence. Also, actual analysis has shown that under these condi- 
tions (nt) contains practically no A1+ + + ions.* 

The total acidities calculated from the titration curves given in fig. 5 are 
shown in the following table. 

Table IV 


System 

Total acid in m. e. Ba (OH), 
per 100 gm. of colloid 

1 

1 

! 

1 

i 

i 



1 At first indeC' At pH 7 • 0 
tion point ! 

i i 

i i 


1 I 

(«) SolF 31 0 j .39-4 


(ii) Sol F -f- BaCl, mixture . . . .1 38-4 | 64*1 

(iii) Supernatant liquid of (ii) 30*9 


The total acidities are in the order (ii) > (i) > {iii). The difference be- 
tween the total acids of {ii) and {iii) signifies that at the concentration used, 
the salt does not displace all the hydrogen ions associated with the colloidal 
particles into the interinicellary liquid of the sol and that a part of the hydrogen 
ions brought into a reactive (!unditiun by the neutral salt still remains associated 
with the colloidal particles and these are capable of reacting with the base. 

(c) The total acidity of (i) the soL {ii) the sol saU mixture and {iii) the neutral 
salt extraet obtained by repeMedly leaching the sol mth the salt solution. 

Leaching with neutral salts is often resorted to in the estimation of the 
lime requirement of soil by the titration of the salt extract [Hopkins, 1903 ; 
Daikuhara, 1914 ; Gedroiz. 1924]. Tt has been shown above that the addition 
of the salt to the sol does not displace into the intemiicellary liquid all the 
ions which are brought into a reactive, that is, neutralizable condition and 
which can, therefore, be estimated only by titrating the sol + salt mixture 
in situ. It was thus of interest to compare the amount of acid displaced by 
repeated leaching of the sol with the salt solution. Tliis has been done with 
sol H. The solution with which the sol was leached had the same concentration 
(0*83A^) as obtained in the sol + salt mixture. The following results were 
obtain^* 

*The subject is being systematically studied by Mr. B. Chatterjee in this laboratory. 
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Table V 


System 

Total acid in m. e. base per 100 gm. 
colloid using 

- JL JL 

Ba(OH)t and BaCl, KaOH and HaCl 

At first 
infiection 
pt. 

At pH 
7-0 

At first 
infiection 
pt. 

f 

1 At pH 
7*0 

Sol ..... 

, . 

21*5 

32*0 

, . 

10*7 

Sol + Salt 

• • 

30-5 

600 

22*5 

40*0 

1st 100 c.c. of leachate 

• 


170 

• • i 

1 

16*0 

2nd 100 c. c. of leachate 

• 


30 


2*0 

Srd 1 00 c.c. of leachate 

• 


1-2 


1-8 


In agreement with the results given in Table II the total acidity of the 
sol 4- salt mixture is greater than that of the sol alone. The sum of the total 
acidities of the three leachates, however, is less than the total acidity of the 
sol + salt mixture. Of the three leachates, the total acidity of the first is the 
highest, then there is a sudden drop, the total acid of the third leachate being 
almost negligible. Thus treatment of the hydrogen clay sol with the salt 
solution, to the extent that practically no further acid comes out in the leachate, 
does not displace from the colloidal particles of the sol all the acid which can 
react with the base in presence of the salt. The salt and the base when they 
can react together liberate the greatest amount of acid under the conditions 
compared. Of this amount a part is liberated into the intermicdJary liquid and 
an(^ter part remains associated with the coUoidal particles. 

Table V shows that when leached with barium chloride a greater amount 
of colloid-free add is obtained in the extract than with sodium chloride using 
equal concentrations. This is in agreement with the greater total acidity 
(previously observed) of the sol -f salt mixture obtain^ on titration with 
Ba(OH)| than NaOH in presence of BaClj and NaCl respectively. 

C. The belative effects of Ba+ + and Ca-^ + ions in the intebaotions of 

THEIB SALTS AND BASES WITH HYDROGEN CLAYS 

The results given in the preceding sections show that in the interactions of 
hydrogen clays with bases both in the presence and absence of neutral salts a 
definite cation effect exists. In the interactions in presence of salts the relative 
effects of the cations agree with the lyotrope series and Ba+ + has an unmis- 
takably greater effect than Ca++. Previous work from this laboratory 
[Mitra, 1936] shows that the H+ ion activity of a hydrogen clay sol shows 
characteristic variations on progressive additions of a neutotl salt and the 
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relative effects of different salts having a common anion also follow the lyotrope 
series, that is, Ba+ + has a greater effect than Ca+ + . The following results 
further illustrate this jmint. 


Table VI 


1 

Sol ! 

i 

Cone, of the added 
salt X 10*^? 

Lowering of pH. 

— - - - - - _ _ 

With BaCl, ■ With CaCl, 

i _ 

H 

16 

i 

1 

0-48 ' 

0*45 


30 

0*61 

0*49 

1 

40-6 

0-87 i 

i 

•77 

I 

1-0 

1 

0*67 i 

0*66 


6 0 

•82 

•73 

< 

46*0 

1*09 

1*08 

r 

1*6 

0*66 

0 60 


6*8 

•84 

*81 


60*6 

1.14 1 

1 

i 

102 

K 

1*20 

0*65 

0*61 


9*00 

*95 

*90 

1 

42*00 

1*19 

1*12 

K' 

1*20 

0*68 

0*61 


9*00 

*88 

*81 


42-00 

112 

1-00 

€ 


• 




Hydrogen clays I' and K' were obtained from the same soils as hydrogen 
clays I and K with the difference that the colloidal materials of these soils were 
treated according to the method of Drosdoff and Truog [1935] to remove their 
free silica, alumina and ferric oxide before converting them into hydrogen clays 
FandK'. 

Table VI shows that barium chloride lowers the pH of the sol to a greater 
extent than calcium chloride at the same concentration. The difference in the 
relative effects of the two ions persists even after removal of free silica and 
sesquioxides from the hydrogen clay as the lesults obtained with sols I' and H* 
ehow, 
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Reference has already been made to the fact that calcium hydroxide reacts 
more strongly than baryta with a hydrogen clay sol to which no salt has been 
added indicating a greater relative effect of Ca++ than Ba++ ions under 
these conditions. This is further illustrated by the following results. 


Table VII 






Total acid in m. e. base per 

100 gm.of colloid 

Sol 


Ba^e used for 
titration 

jpH at in- 
flection 
point 

At in- 
flection 
point. 

At pH 
7*0 

At pH 
9*0 

H 

Ba(OH), 

Ca(OH)t 

. 

580 

6-60 

21-6 

21-6 

320 

32*8 


I 

Ba(OH), 

Ca(OH), 

. 

7*00 

6-95 

82*0 

96*0 

82*0 

97*0 

101*5 

122*0 

I' 

Ba(OH)a 

Ca(OH)t 

• • « • 

7-60 

6*50 

91*0 

86*0 

85*0 

91*0 

106*0 

114*0 

K 

Ba{OH), 

Ca(OH)» 

1 

• 1 

. 1 

1 

5*80 

5*20 

55*0 

68*0 

61*0 

67*0 

oo 

00 00 

K' 

Ba(OH), 

Ca(OH), 

1 

. 1 
. I 

5-75 

6*78 

660 
63 0 

62*0 

68*5 

75*6 
81 5 


Calcium hydroxide reacts with the sol more strongly than baryta even 
beyond the neutral point (at pH 9*0). This difference in the relative effects of 
Ba+ + and Ca'*' + ions in the interactions of their salts and bases with hydrogen 
clay^ illustrates two different types of cation effect discussed in the next section. 

D. The bole of the electbical double layer and of the secondary 

ADSORPTION OF CATIONS IN DETERMININO THE TOTAL NEUTRALIZABLB 

ACID OF A HYDROGEN CLAY SOL 

The results previously given bring out the variable character of the total 
neutralizable acid of a hydrogen clay sol. The total acid is a function (1) of the 
pH at which it is measured and (2) of ‘ cation effects’. The cation effect finds 
expression in the different total acids, measured at the same pH, obtained on 
titration with different bases as also in the considerably larger total acid 
obtained on titrating the sol in the presence of a neutral salt than on titrating 
it alone. Such variations in the total acid are not possible for any truly dis- 
solved acid. 

The theory of the electrical double layer postulating the existence of pri- 
marily adsorb^ ions associated with the coUoidal particles of the sol and of a 
secondary adsorption of cations by them pdukfaerjee, 1921, 1922] affords a 
satisfactory basis fop an interpretation of the cation effects apd tfis yanatiope 
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of the total acid.* According to the theory, ions corresponding to the 
primarily adsorbed anions which are assumed to be‘ built in ’ on the solid side 
of the solid-liquid interface may exist in two states, viz. (1) in a secondarily 
adsorbed condition either by simple electrostatic forces, or, by specific forces 
of the chemical or forces of the Van der Waals* type and (2) in a free, or, 

‘ mobile ' state which determines the free charge of the surface. The 
distribution between the two states depends on the nature of the coDoid and 
that of the intermioellary liquid. The ions of both categories may be 
displaced by the cations of an added salt or a base, these cations being 
themselves adsorbed in the process ; the displacement of H+ ions of the 
second category is obviously the easier. The adsorption, i.e. fixation 
of the cations leads to the formation of ‘ ion pairs ’ on the surface and 
is brought about by electrostatic forces of attraction and/or by specific 
forces, e.g. of a chemical or Van der Waal’s type. In the former case, 
only the electrical properties of the cations, e.g. their valency, mobility and 
state of hydration (which determines the distance between the centres of the 
ions constituting the ion pairs formed by adsorption) are the factors which 
determine the intensity of their adsorption and hence the amount of H+ ions 
exchanged. In the interaction with a base, these exchanged H+ions are 
neutralized by the OH—ions of the latter. The possibility of a direct neutraliza- 
tion of some H+ ions by the OH— ions is not excluded. The greater total acidity 
measured at a given pH obtained on titration with baryta or (lalcium hydroxide 
compared to caustic sc^la is, on this view, due to a greater electrical adsorption 
of Ba++ and Ca+ ^ ions compared to that of Na+ions. A greater total acid 
obtained on titration with a given base in the presence of a salt than in its 
absence similarly arises from a stronger adsorption of the cations because of 
their being present in larger numbers. 

The increase in total acid observ^ed on titration in the presence of a salt 
may be due to aluminixim ions which, a.s our later work shows, are always 
present in the supernatant liquid above the coagulum of the sol + salt 
raixtuT*e whenever such an increase in the total acid is observed. The 
aluminium ions may have been directly exchanged for the cations of the 
salt, or, they may have been dissolved out from the hydrogen clay by the free 
acid liberated by its interaction with the salt. The mechanism of the 
liberation of such aluminium ions is of no direct significance so long as 
discussions of the cation effects are restricted, as has been done here, to their 
role in determining the total neutralizable acids of the sol + salt mixtures and 
their (dear supernatant liquids. 

The differencje in the relative effects of Ba++ and Ca++ ions in the 
interactions of their salts and bases with hydrogen clays may be explained as 
follows. The greater relative effect of Ba*^^ compared to in the 

interactions with the salts arises from a stronger electrical adsorption of 
Ba*^**" than Ca’^+, the relative electrical adsorbability of the ions being 
determined by their electrical properties, viz. their valency, mobility and state 
of hydration. The cation effect is thus electrical in origin and follows the 

•Tlie picture here suggested is of a general nature. It takes no account of (t) the 
amphoteric character of the hydrogen clays (w) the role of Al + + and other ions on 

the surface in addition to ions and {iii) the detailed structure of the hydrogen clays, 
ooverin^ thesa aspects is under way. 
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lyotrope series. It may thus be called a regidar caiion effect. The greater 
relative effect of Ca++ than Ba++ ions in the interactions with the bases is 
an ‘ irregiilar or specific cation effe(^ in the sense that it does not follow the 
lyotrope series. This second type of cation effect ’ does not result from simple 
electrical adsorption (by electrostatic forces) of the cations together with their 
hydration envelopes. Here, the cations are adsorbed by specific forces other 
than simple electrostatic forces in a dehydrated state. The two types of cation 
effect wifi be further discussed in the concluding paper of this series. 

Summary 

The total neutralizable acid of a hydrogen clay sol calculated at the first 
inflection point and the minimum of its potentiometric and conductometric 
titration curves with bases as also at pH 7-0 is a variable quantity. The 
variations arise from cation effects w'hose natm^ has been discussed in the 
light of the theory of the electrical double layer and of adsorption of ions. 

On titration with different bases in absence of salts, the total acid decreases 
in the order Ca(OH)j> Ba(OH )2 > NaOH. The greater relative effect of 
Ca(OH )2 compared to Ba(OH )2 illustrates an ‘ irregvlar, or, specific cation effect ’ 

With a given base, titration in the presence of a salt yields a much larger 
total acid than titration of the sol alone. The cations present in large numbers 
have an effect. 

On titration in presence of the same concentration of the corresponding 
chloride, the total acid decreases in the order Ba(OH )2 > Ca(OH )2 > NaOH. 
Here, a ‘ regiiUir cation effect ’ is observed which is in agreement with the 
(lyotrope) series. 

The total acid of the sol + salt mixture obtained on titrating it in situ 
is greater than that of (i) the clear supernatant liquid above the coagulum of 
the mixture as also {ii) the salt extract obtained on repeatedly leaching the 
hydrogen clay with the solution of the salt. A considerable amount of titrat- 
able acid thus remains associated with the coagulum of the mixture which 
caimot be displaced in the intermicellaiy liquid of the sol even on repeatedly 
leaching it with the solution of the salt. 
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vn. THE ELECTROCHEMICAL PROPERTIES OP COLLOIDAL 
SOLUTIONS OF HYDROGEN CLAYS* 

BY 

R. P. MITRA, 

Physical Cheviiatry Laboratory, University College oj Science and Technology, 

CalciiUa 

(Received for publication on 12 Septemb r 1939) 

(With ton text-figuroB) 

I N Part V of this series [Mitra, 193G] mention has been made of several 
points of difference which exist between the titration curves of colloidal 
solutions of hydrogen clays and those of acids in true solution. In part VI 
[Mitra, Mukherjee and Bagchi, 1940J it has been shown that the total acidity 
of a hydrogen clay sol calculated from titration curv es obtained on titrat- 
ing the sol under different conditions, e.g. witli different bases or, with a 
given base but in the presence and abseiu e of a neutral salt, is, also unlike 
any dissolved acid, a variable quantity. In this paper, the special features 
of hydrogen clay sols wliich distinguish them from acids in true solution 
have been considered in greater detail and an attempt has })een made to 
reconcile them in a general picture which is based on the theoiy^ of the elec- 
trical double layer and of adsorption of ions. 

Experimental 

The hydrogen clay sols used were prei)afc(l from the following Indian 
soilst io Ihe manner previously described [Mitra 193G]. 

Sol I fiJoil from w’hich th(* hydrogen clay was obtained 

D . . • • V^irgin soil from Dacca Kami (Bengal) collected from a deptl 

of 0 to (5 in. 

E . . . . (Bengal) farm soil. Agricultural Chemist's oxperimentaJ 

plot. Block A 1-10, plot Xos. 3, 5, 16. No manure ; soil 
collecU'd from a depth of 0 to 12 in. 

F . . . . Burdwan (Bengal) Kami soil. Block H, plot No. 40. Standing 

croji — k<dm ; surface soil collected from a depth of 0 to 6 in. 
Knshnagar (Bengal) farm soil ; highland soil collect(?d from a 
depth of 0 to 6 m. 

H . . . . Soil from Government Seed Farm, Kalyanpore (U. P.) ; a 

brown loam included in the Doab ; collected from a 
depth of 0 to 0 m. 

I » . . . Black cotton soil from Satara Dt., Bombay Presidency ; sur- 

face soil, calcium saturated, neutral, 

K • . . . Black soil from Bila.spur neai’ Raipur (C. P.) ; surface soil. 

* The results given in this paper have been taken from the published annual reports 
for 1935-30 and 1930-37 on the working of a scheme of ‘ Researcli into the Properties of 
Colloid Soil Constituents * financed by tht‘ Jmpt'rial Council of Agricultural Research, 
India, and directed by Professor J. N. Mukherjee. The author takes this opportunity 
to themk the University of Calcutta for permission to work in the Physical Chemistry 
laboratory of the University and for other facilititjs. 

♦* Senior Assistant Soil Chemist under the abo\'e scheme. 

t The first four soils were kindly .supplied by the Agncultiiral Cliemist to the Govern- 
ment of Bengal. The Kalyanpur Fann Soil was obtained through the couitesy of the 
Superintendent, Government Seed Fann, Cawnpore. The two black soils were kindly 
supplied by the agrictiltural chemists to the Governments of Bombay and the Central 
F*roviiioeS 9 respectively. 
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The experimental arrangements and procedure were as previously des- 
cribed [Mukherjee et. aL, 1936 ; Mitra, 1936]. 

The hydrogen clay sols used covered a range of H ion concentrations 
from 10-^ N to 10-^ N and had specific conductivities of the order of 10-® to 
10-® mho. The significance and degree of accuracy of estimations of free 
and total acids of such systems have been discussed in two previous parts 
of this series [Mukherjee, et, al,y 1936 ; Mitra, 1936]. Since the publication 
of these papers, it has been possible to further improve upon the reproduci- 
bility and accuracy of the pH data [Mukherjee, Mitra and Mukherjee, 1937] 
by more careful attention to preparation and cleansing of the electrodes and 
the inclusion of glass electrodes^ used in conjunction with a valve potentio- 
meter.** The results given in Table I obtained with some hydrochloric acid 
solutions which had nearly the same pH as the sols illustrate the order of 
accuracy now attained. The first, second and third columns of the table 
give the pH obtained with the hydrogen (A), glass (g) and quinhydrone (q) 
electrodes respectively. The fourth column gives the pH calculated from the 
observed specific conductivity from the known mobilities of H"^ and Cl“" ions 
and assuming complete dissociation of the acid. The fifth column gives the 

value of log [oP] the Cr ion concentration having been determined by con- 
ductometric titration with silver sulphate solution. The sixth column gives 
the pH corresponding to the total acidity calculated from the potentiometric 
or conductometric titration curve of the acid assuming complete dissociation. 
Hydrogen and glass electrodes were used for the potentiometric titrations. 

Table I 



’ pH (h) 

1 

pH (g) 

pH (q) 

„„ ' Total Cl 

pH j 

(cond.) og £ 01 ] 

1 

1 

pH (T) 


1 

i 2»4 

i 2-94 

2-96 

3 08 2-96 

3*00 (glass electrode) 


2-96 

1 

i 

1 

3*02 (hydrogen el€M3- 

Average ; 

2-96 



i 

trode) 


1 4-34 

i 4*30 

i 4-30 

4-42 4-41 

j 4-40 (glass electrode) 


i 4-36 

1 

1 

1 


; 4*42 (hydrogen eleo- 


1 

1 


1 

i 1 


< trode) 


1 4-36 


' 1 
1 


1 4*42 (conductometric) 


I 4-32 


! 

Average 

; 4*41 

Average : 

i 4-35 i 

’ I 



1 

1 

1 


! 6-12 ^ 



i 

1 


! 6-10 

5*08 

6 13 

6-23 I 

6*18 (glass electrode) 


511 



\ 

5*14 (conductometric) 

Average 

611 



1 Average 

1 

616 


♦ Morton type glass electrodes were used* 

** A Cambridge pH meter reading directly to 2 millivolts. 
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The avera^ pH. values obtained with the hydrogen electrode agree with 
the value obtained with the glass or quinhydrone electrode within 1 per cent. 
The average of glass, quinhydrone and hydiogen electrode values for the 
three solutions are respectively 2-95, 4-32 and 6-11. These values agree 
with the respective total acidity values within 2 per cent. 

With the experimental arrangement used, some KCl from the salt bridge 
has been occasionally found to find passage into the titration vessel thereby 
increasing the conductivity of the solution. Consequently, for accurate 
determinations of the absolute values of the conductivities and for studying 
the fine features of the conductometric titration curves, the conductometric 
measurements were carried out separately from the potentiometric maesure- 
ments thus obviating the use of the KC'l-bridge. 

Results 

1. Hydrogen clay sols are not momogeneops acid systems 

Tn the following table the free and total acids of a number of hydrogen 
clay sols have been compared with those of their ultrafiltrates. The free 
acid has been calculated fiom the observed pH and the total acid from the 
inflexion point of the potentiometric titration curve obtained on titration 
with barium hydroxide. 


Table II 


System 

^11 

Free acidity 
(H ion cone, x 

10'^) 

Total 

acidity {N) x 
10* 

Sol D 

5-40 

0-40 

50 

Ultrafiltratti of sol D 

6-96 

Oil 

Negligible 

Sol E 

4 • 

219 

24-30 

Ultrafiltrate of sol E 

OlO 

008 

Negligible 

Soi F . , . 

4 41 

3-89 1 

380 

Ultrafiltrate of sol F 

5-90 

013 

Negligible 

Sol G ... 

4-57 

2-69 

40-0 

Ultrafiltrate of sol 0 

6-86 

i 014 

71. d.* 

Sol H 

4*52 

302 

990 

Ultrafiltrato of sol H 

605 

009 

n. 


* Not determined 


The free and total acids of the ultrafiltrate are ronsiderably less than 
those of the sol itself. A separation of the colloidal })articles from the liquid 
phase by ultrafiltration thus causes a marked low ering of its H + ion activity 
and tot^ acidity. A tw'o phase acid character of thv sol, the colloidal particles 
constituting one phase and the intermicellary liquid the other, is thus brought 
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out. There are osmotically active H+iona associated with the colloidal parti- 
cles which, rather than any H + ions present in a truly dissolved condition in 
the intermicellary liquid, are responsible for the observed ion activity 
and total acidity of the sol. The observations are in agreement with the 
socaUed ‘ suspension eflFect ’ of Wiegner and Pallmann [1929]. 

II. DiSCBBrANCIBS BBTWBBN CONDUCTTVITy AND ACTIVITY MEASTOBMIENTS 
WITH COLLOIDAL SOLUTIONS OF HYDROGEN CLAYS 

The peculiar phasal condition of the H + ions associated with the colloidal 
particles of a hydrogen clay sol is further illustrated by the following signi- 
ficant discrepancies between the specific conductivities of the sols actually 
measured and those calculated from their activity data. The results obtained 
with sols Hi and J and with sols prepared by diluting them with their respect- 
tive ultrafiltrates are given in Table III. The ultrafiltrates had pH values 
6*09 and 6*20. Sol Hj was obtained from the same soil as sol H. Only, it 
had a higher colloid content than sol H. 

Table III* 


Sol 

! 

j H+ ion cone, in 
normality x 10* 

Sp. conductivity 
in mho x 10* 
(Observed) 

Sp. conductivity 
in mho x 10* 
(Calculated) 

Hi ... . 

8-7 

102 

3*48 

H* . - . . 

5 01 

0-97 

204 

Hi . . . . 

316 

0-61 

1*26 

J • a • • 

14-45 

2*20 

5*16 

J/4 a . . . 

3-72 

0-88 

1-37 

J/6 • . . . 

2-67 

0*66 

1-17 


The H+ ion concentrations were calculated from the observed pH values 
of the sols measured with hydrogen and glass eleetrodes. For the conducti- 
vity measurements, a Washburn cell having a cell constant 0'0096 in con- 
junction with a Vreeland Oscillator as the source of the alternating current 
was used. 

* The results given in this table have been taken firom a paper read at a meeting of 
the Chemistry Section of the Indian Science Congress Association, held in January, 1038. 
An abstract of the paper has appeared in the Proceedings of the Congress (Prooe^ings, 
1938. Vol. 3, p. 63). 
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The values of the calculated specific conductivity given in the above 
table were obtained with the aid of the equation jxcal- where 
is the equivalent conductance of Unions and ()h^ ,tlie H ion concentration** 
calculated from the pJJ, The conductivity due to the anions, that is, the 
negatively charged colloidal particles has been neglected. The results given 
in Table III reveal the interesting fact that the actual sjjecific conductivity 
is less than even the conductivity due to the ions calculated from their 
observed activities. These ions are not |)resent in the intemiicellary 
liquid of the sol as is shown by the fact that while the sols have H ion acti- 
vities of the order of 10“"^ JV to those of their ultra-filtrates are of the 

order of 10-’A^ The results, therefore, show that though these H +ions register 
their activity on a reversible electrode, they do not take part in the conduc- 
tion of electricity in the usual manner. Their average conductivity coefficient 
is much less than unity [Mukherjee, 1933]. This behaviour of hydrogen clay 
sols has not been previously observed* and it constitutes a peculiar feature 
of such systems. 

Discrepancies between conductivity and activity measurements in colloi- 
dal solutions have been used by Mukherjee [1933] as an argument in favour 
of the existence of an electrical double layer in such systems. Hartley [1935] 
has sought to reconcile them in the light of a modified form of Deb3^e and 
Hiickers theory of electrolytic conduction. McBain and Betz [1935] con- 
sider that the discrepancies are such as cannot ahvaj^s be explained by any 
reasonable modification of the existing theories. 

III. Interaotions of coli^oidal solutions of hydrogen clays with 

NEUTRAL SALTS 

When added to acid soils, neutral salts have long been known to liberate 
acid. Several well-known methods of estimating the lime requirement of soil, 
e.g. those due to Hopkins [1903], Daikuhara [1914] and Gedroiz [1924] are 
based on this principle. The nature of the interac tions involved which has 
been the subject of controversies [Russell, 1937] is likely to be elucidated by 
systematic studies of the effect of neutral salts on hydrogen clays. Such 
studies have been made, comparatively recentlj" bv Wiegner [1931], Jenny 
[1932, 1936], Marshall and Gupta [1933], Mattson [1932, 1935] and others. 
The following investigations deal with some special features of the interaction. 

2. Interchanges between the diffnsibh Unions associated with the colloidal particles 
of a hydrogen clay sol and the, cations of an added salt 

In the following table the differences of the yiH of hydrogen clay sols 
H and P and those of their ultrafiltrates have been compared with the corres- 
ponding differences observed when the sols contained sodium and potassium 
chlorides in small concentrations. 

** As Oii4“ is of the order of to 10— W, the concentration and the activity 

iiave the same signihcanco. 

* Discrepancies between the actual and calculated specific conductivities of hydro 
gen bentonite systems have been reported by Hauser and Reed (J . Ph<fs. Chem. 41 , p. 911, 
1937 ) since the communication to the Indian Science Congress Association of the paper 
dealing with the results given in this section. Similar discrepancies with hydrogen 
bentonites have also been observed by us (unpublished work). 
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Table IV 


System 

pH 

e. m. f. (in volts) of oonc. cell 
Hj/Sol-f-salt/sat. KCl/ 

V ^ f 

I 

ultrafiltrate/Hj of I 

V ^ J 

II 

1 

1 


(Obs.) 

(Calc.) 

SolH . . . ; 

4-52 



Ultrafiltrate of sol H . | 

605 



SolH-fOOOOSNKCl . 

4-26 



Ultrafiltrate of above 

4*42 



SolH+0-002xV KCl . 

4-10 



Ultrafiltrate of above . | 

415 



SolP* . . i 

4*54 



Ultrafiltrate of sol P. . | 

5-85 



SolP+O OOOSiV NaOl . 

3*85 

0-032 

0-080 

Ultrafiltrate of above 

4*35 



SolP-f0 002JV NaCl . 

3-71 j 

0-014 

0-014 

Ultrafiltrate of above . “ 

3-95 * 



Sol P-f0 0005iV KCl . 

1 

3-80 ! 

0-027 

0-029 

Ultrafiltrate of above 

4-28 



S 0 IP+O OO 2 .V KCl . 

3-70 

0-011 

0-012 

Ultrafiltrate of above 

3-90 




The difFerenees })etweeii the values of the sol P-| salt njixtures and 
those of the corresponding ultrafiltrates were checked by e. m. f. measure- 
ments with concentration cells of the type H KCl/Ultrafiltrate 

of I/Hj. 


The actual e. m.f/sare in good agreement with those calculated from 
the pH values of T and T[ separately (letermined. 

The results given in Table IV shoAV that on the addition of the salt the 
pH of the sol itself changes only to a small extent compared to that of the 
ultrafiltrate. Apparently, a change has taken place in the sol in the location 
of the H ‘^ions and their distribution between the colloidal particles and the 
intermiceUary liquid which constitute two distinct phases. Hydrogen ions 
which were previously intercepted by the membrane can now pass through it. 
Originally, these hydrogen ions were associated with the colloidal particles 
themselves though mostly in an osmotically active, or, diffusible condition. 

This sol was prepared from a Dtxjcan black soil {t 3 rpe ‘ B *) kindly supplied by 
Dr J, K. Basu of the Sugarcane Research Station, Padegaon, Bombay. 
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On the addition of the neutral salt they have interchanged their positions 
with the cations of the salt and have passed into the intermicellary solution. 
This however, has not greatly affected the observed H ^ ion activity of the sol 
as the ions taking part in the interchange were mostly in an osmotically 
active, i.e. diffusible condition previous to the interchange. The marked 
increase of the ion activity of the ultrafiltrate, on the other hand, is readily 
explained by their displacement into the intermicellary solution. Similar 
observations with silicic acid sols have previously been made by Mr. B. Chat* 
terjee in this laboratory (cited by Mukherjec, Mitra and Mukherjee [1937]). 


2. Interchanges between diffusible as well as non -diffusible ions associated 
with the colloidal particles of a hydrogen clay sol and the cations of an added 
salt 

The variations of pH of hydrogen clay sols H and P recorded in Table IV 
are small as the salt was added only in small concentrations. Considerably 
larger variations were observed using larger concentrations of salts as the 
following results will show : — 


Table V 


pH 

Sol of 

sol 

CH+ of 

Bol X 10* 

Salt added 
and cone, of 
salt 

pli of 
sol 4- salt 

CH+of Sol + 
saltx 10* 

K 


OlOA'NaCl 

3*61 

2-45 

4*66 

0 22 

(»• 10 .V CttClj 

3*52 

.3 02 



0 - 10 A' Bad, 

3*15 

7*08 

H 


U-SOA’NaCl ; 

3*46 

3*46 

i 4*62 

1 

0 32 

O-SOA'CaCl, 

3 33 

4*67 

i 


0 80 A' BaC'l. 

3*23 

5-87 

1 


0-25A’('uCls 

3*43 

3*72 

4*61 

0*31 

0-26 A' BaCl, 

3-31 

4-90 

K 

’ 

0-25 A' OuCl, 

i 3*30 

1 

' 5 01 

4 47 

0 34 

i 0-25 V Bt»ru 

1 

1 

1 

3*02 

9*65 
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The curves given in Figs. 1 and 2 show the variations in the H+ion activity 
of sols E and H on ])rogres8ivo additions of NaCl, Badg and CaClf 



Cone. 0/ added salt*io'^(N) — ► 

Fig. 1 

The curves as also the results recorded in Table V show, in agreement with 
previous observations [Mitra, 1936], that using chlorides alone, the effect of 
different cations in increasing the H +ion activity is in the order Ba ‘‘+>Ca'*' ' > 
Na+ which follows the usual lyotrope series. The increase of the H+ ion activity 
may be due (i) to an alteration of the activity coefi&eient of the free (osmoti- 
cally active) hydrogen ions associated with the colloidal particles and/or (tt) 
to a change from an osmotically inactive to an active condition of H+ions 
following the addition of the salt. Without the salt, these H+ ions {ii)do not 
register their activity on the electrode. The activity of free H+ions in true 
solutions of acids would not be altered to any such extent on the addition of 
the salt. This is shown b}' the control experiment on the H +ion activity of 
a hydrochloric acid solution having nearly the same as the sol (Fig. 1). 
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Taken in conjunction with the ultrafiltration experiments on sols H and P 
the observed large variations of H+ ion actmty recorded in Table V arise at 
least in part from a displacement of osmotically inactive H ^ions from the 
colloidal particles. 



Fro. 2 


Aluminium ions displaced from hydrogen clays and acid soils by neutral 
salts are known to contribute to the observed fr^ and total acids of the neiitral 
salt extracts* [Paver and Marshall. 1934], The f.dlowmg results show that 
such aluminium ions cannot wholly account for the observed free and tot^ 
acids of the supernatant liquids above the coagula of hydrogen cla 3 sol + 

salt mixtures. -j i 

An exchange of osmotically inactive H + ions associated with the coUoidrf 

particles of the sols for the cations of the salt has to be ^ssumed 

Lplain the much larger free and total adds of the ultrafiltrates the bo1 + 

salt mixtures compared to those of the ultrafiltrate o le so 

• This topic is being systematically studied by Mr B. Chatterjeo in this laboratory. 
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Table VI 


System 

pH 

Free acid 
(gm. ions of 
H per litre) 

Total acid at inflexion point 
of titration curve with 
NaOH 

A 

A1 in ultra- 
filtrate 
(milli-equi- 
valents per 
100 gm. 
colloid) 



1 

Equivalents 
per litre 

1 

Millie-qui- 
valents per 
100 gm. 
colloid 

SolP . 

4-54 

2*9xl0-» 

200 X 10* 

82-0 

. . 

Ultrafiltrate of sol 
P 

5-86 

l-4xl0.« 

NU 

Nil 


Ultrafiltrate of sol 
P-hOlN NaCl 
(curve I, figure 2 
a). 

3-66 1 

2*2x 10* 

2-4x 10-* 

10 

0-5 

Ultrafiltrate of sol 
P+ (HN NaCl 
(curve II, figure 
2a). 

3-30 ' 

j 

5 ‘Ox 10-* 

4-BxlO.* 

t 

i 

1 

19 

30 

Solution of alumi* 
nium chloride* 
(curve III, Fig. 
2a). 

3-22 j 

1 

; 

1 

1 

1 

6-0x10-* 

j 

1-26x10-1 i 

1 




The titration curves of the ultrafiltrates of the sol-faalt mixture given 
in Fig. 2(a) are characteristic of a dissolved strong acid, viz., hydrochloric acid, 
formed by the interaction between the hydrogen clay and the neutral salt, 
sodium chloride. 

The curves have a different form compared with that of a solution of 
aluminium chloride given in the same figure. The strong acid character 
of the titration curves of the ultrafiltrates hannonizes with the result 
(Table VI) that they have nearly the same free and total acids expressed 
in normality. The solution of aluminium chloride, on the other hand, has 
very different free and total acids. 

Table VI shows that at the higher concentration of the salt the displaced 
aluminium forms a larger part of the total acid of the ultrafiltrate. Similar 
observations have been made by Paver and Marshall [1934] and by B. 
Chatterjee in this laboratory.f Tliey will be fully dealt with in a future 
publication. 

♦ From unpublished work by Mr N. P. Datta in this laboratory 

I Unpublished work 
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to 40 U) go 100 UO »40 


Fio. 2(a) 

The following results obtained with sol P show that by repeated treat- 
ment of the sol with a solution of sodium chloride at a sufficiently low con- 
centration (0*(K)5JV), increasing amounts of H'^ions can be displaced from 
the colloidal particles of the sol though practically no Al'^ + “‘‘ions are found in 
the salt extracts. 

Theoretically it is not impossible that if the leaching is sufficiently con- 
tinued an amount of H *" ions comparable to the total acid of the sol calculated 
at the inflexion point of its titration curve with a base (e.g. NaOH) will be 
displaced from the colloidal particles. The incomplete displacement of the 
H+ions by the cation of the salt is obviously to be referred to the balanced 

nature of the reaction which can be schematically represented as clay H + 
NaCl^ clay Na+HCL 

The incomplete displacement is due to the back reaction whose intensity 
at any stage of the leaclxing depends on the concentration of free H'^ions in 
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the intenuioellary liquid. This conoentratioii decreases as the leaching pro- 
ceeds thus favouring more and more the direct reaction. In the interaction 
with a base to be discussed later the back reaction is absent thus securing a 
more complete replacement of the H+ions of the colloidal particles by the 
cations of the base though the cations may be at a much lower concentration 
than in the case of the neutral salt solution. 


Table VII 


System 


Total aeid in 
m. e. per 100 
gm. colloid* 


SolF 


let leachate (0*5 gm. of clay +200 o.c. of 0*006N NaCl solution) 

2nd leachate (50 o.c. solution) 

3rd leachate 
4th leachate 
5th leachate 


6th leachate 


82 0 

00 

2*0 

1-8 

20 

1-8 

2*0 


* CcJculated at inflexion point of potentiometric titration curve with NaOH. 

IV. Interactions of colloidal solutions of hydrogen clays with 

BASES : THE NATURE OF THE TITRATION CURVES 

In part V of this series pilitra, 1936] the nature of the potentiometric 
titration curves of a number of hydrogen clay sols with bases has been 
discussed. In this paper, both potentiometric and conductometric titration 
curves obtained under diverse conditions of titration have been examined 
including detailed analyses of their slopes and buffer capacities in different 
pH regions. »Such systematic studies are likely to throw considerable light 
on the nature of the acid-base interaction in soil. They have been seldom 
undertaken in the past. Reference may, however, be made to Knight [1920], 
Jensen [1929], Hardy and Lewis [1929] and others who obtained titration curves 
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of soils mainly in connemon with the estimation of the lime requirement, or 
the degree of saturation of soil. 

1. Potentiometric titration curve* of hydrogen clay aoU with different strong bases 

Figs. 3*, 4, and 6 give the titration curves of hydrogen day sols E, G and 
H obtained on titrating them with sodium, barium and calcium hydroxides. 



M.«. b&%e pot loo^ Coll»*d ^ 

FlO. 3 

The forms of the curves with the different bases are different. The po- 
tentiometric titration curves with baryta and calcium hydro:dde indicate an 
apparent strong monobasic acid character of the sols. There is an initial flat 
portion followed by a steeper region which shows an inflexion point. The 
slope gradually diminishes after the inflexion point has been passed. Baver 
[1930] observed an initial sharp rise in the potentiometric titration curves of 
hydrogen clay sols with the above bases and from this observation he attributed 
a week monobasic acid character to the sols studied by him [cp. Bradfield, 

1923]. . . 

The strong monobasic acid character of the potentiometnc titration curves 
with barium and calcium hydroxides cannot be referred to the neutralization 
of any dissolved acid or acids present in the sol as its ultrafiltrate contains 

♦Hep oduoed fromFi^. 1 of part V of this series, 
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negligible free and total acids (Table II). A difference from a true monobasic 
acid character, however, exists. Thus the free acidity of sol G, for example, 
is only O- 6 per cent of its total acid even at a total acid concentration of the 
order of 10— On analogy with an acid in true solution, the sol is very 
weakly dissociated. The potentiometric tii ration curve of the sol with baryta, 
however, (Fig. 4), does not show the sharp initial rise characteristic of a week 
acid in true solution. 



a-fl* I*-** JJ-'M W91 4»40 50M Wit 

M. e. b&ryt& per loog Colloid — ^ 

Fig. 4 

The potentiometric titration curves with caustic soda show a compara- 
tively sharp initial rise indicating a relatively weak acid character of the sols. 
This initial rise is followed by a gradual flattening of the curve, that is by a 
region of continued and increasing buffer action. No inflexion point in the 
alkaline region characteristic of a weak acid in true solution is, however, 
observed in the curves of sols E and H up to the point to which the titration 
had been extended. There is thus an important difference from a true weak 
acid character although a consideration of the comparatively sharp initial 
rise alone would justify the conclusion that a weak acid is being titrated, 
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M, e. btkse per ioo<^ Colloid ► 

Fig. 6 

Compared to sols E and H, the caustic soda titration curves of sols T aivl K 
given in Figs. 0 and 7 closely resemble those of a weak acid in true solution in 
that they have definite inflexion points in the alkaline region. 

Sols I and K differ from sols E and H in one important respect. The 
silica-alumina ratios of their colloidal material are considerably greater than 
those of sols E and H as the following figures w’^ill show. 

Table VTll 

Colloidal material of sol 

/ \ 

£ U I K 

SiO,/Al,0, (molar) . . , , 8-66 8-37 3 -87 3 -40 
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A closer examination of the slopes of the caustic soda titration curves of 
sols I and K and of their buffer capacities show, further, that the weak mono- 
basic acid character indicated by them is only apparent. Thus the j>H at 
the point of half neutralization in the caustic soda titration curve of sol I is 
6*05 which corresponds to a dissociation constant of 8*91 X In Fig. 8 

the theoretical titration curve of a monobasic acid having this dissociation 
constant and the total acidity corresponding to the inflexion point of sol 1 has 
also been given for comparison. 



M.e. b^se per ioo<^ Colloid ► 

Fig. 6 

The theoretical curve has been obtained with the aid of the equation 

6+[H+M6fi] 


where a represents the total acid, 6 the concentration of the base and K the 
dissociation constant. The theoretical titration curve definitely differs firom 
the actual titration curve. A comparison of the buffer capacities* which are 

♦The buffer capacity considered here is the reciprocal of the slope of the potmtiomet- 
ric titration curve and is given by the expression (van Slyke : J. Biol. Osetn., 88, p» 586, 


1025) ^ where {a) is the total acidity and AC, the diasociatipn cous^ntt 


33 S 
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also shown in Pig. 8 confirms the difference between the two curves specially 
after the inflexion point has been passed. The sol has a higher buffer capacity 
than the corresponding hypothetical acid. It is evident that the sol has defi- 
nitely different properties than what are expected of a corresponding weak 
monobasic acid in true solution. 



o to 40 60 go ioo no 


Sol K 

a N».oH 
O BalOttl, 
0 CatOH), 


M. ®. base per ioo<^ Colloid 
Pio. 7 

The baryta and calcium hydroxide titration curves of sols I and K show, 
as in the case of sols E and H, an apparent strong monobasic acid character. 

The titration curves with the different bases yield different total acidity 
values calculated fipora their inflexion points. These variations of the total 
acid have been discussed in detail in the previous paper of this series. Atten- 
tion should, however, be drawn here to an interesting difference between sols 
E and H on the one hand and sols T and K on the other, in respect of the order 
of total acidities obtained on titration with different bases. With sols E and H, 
the total acid follows the order : Ca (OH),>Ba (OH)j>NaOH. The NaOH 
titration curves of sols I and K, however, give total acidity values (calculated 
at the inflexion points) which are somewhat greater than those obtained from 
their buryta and calcium hydroxide titration curves. This is brought out by 
Table IX. 


p Xio 
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Cone of NftOHxio* N ► 

Fio. 8 
Table IX 


Total acid in m.o. 


Sol 

Base used for titration 

pH at 
inflexion 

base per 100 jon. colloid 

At inflexion At pH 7 *0 

pt. 

E 

NaOH 



5-4 

2*2 

15*4 


Ba(OH), . 



60 

20-6 

26 0 


Ca(OH), . 



6-8 

21*5 

26*2 

H 

Ba(OH), . 



6-8 

21-6 

32*0 

! 

Ca(OH)a . 



6-6 

21*5 

32*8 

I 

NaOH 



8-06 

90*0 

78-0 


Ba(OH), . 



700 

82*0 

82*0 


Ca(OH), . 



6*95 

96*0 

97*0 

K 

NaOH 



7*15 

68*0 

67 0 


Ba(OH), . 



5*80 

55*0 

61*0 


Ca(OH), . 

• 

• 

5*20 

58*0 

67*0 
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In comparing the total acid at the inflexion points in the titration curves 
with different bases, the location in the pH scale of such inflexion points has 
to be considered for, as was shown in the previous part of this series, the higher 
the pH the greater is the amount of the acid reacting with the base. The 
greater total acid (at the inflexion point) with NaOH than with Ba(OH).2, 
or, Ca(OH)2 observed in the case of sols I and K is due to the inflexion points 
in the NaOH curve occurring in the alkaline region which is not the case 
with the Ba{OH)2, or, Ca(OH)2 curves. The titration curves of sols E and H 
do not show such features. An examination of the slopes of the titration 
curves of sols I and K wdth different bases shows the same order of the 
capacity of these bases to react with sols I and K as observed with sols E and 
H. The order is: CaCOH)^ >Ba(OH)2>NaOH. 



Millie^iv^lehts oF base per loo^ oF Colloid ► 

Fio 9. 

2 . Mutually conflicting features of the potentiometne and conductometric titration 

curves of hydrogen clay sols 

The conductometric titration curves of hydrogen clay sols wdth different 
bases present certain features which are entirely at variance with those of the 
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corresponding potentiometric titration curves. No reference to such discre* 
pancies is found in the existing literature. 

The potentiometric titration curve of sol E with caustic soda shows an 
initial weak acid character while the corresponding conductometric curve 
(Fig. 3) has a sharp minimum (more sharp than the minimum of the baryta or 
calcium hydroxide titration curve) and in this respect indicates a strong acid 
character of the sol. Baver [1930], however, observed an initial rise of the 
specific conductivity on titrating a hydrogen clay sol with caustic soda. This 
was obviously due to too much alkali being added at the very first instalment, 
the initial lowering of the specific conductivity and the minimum point being 
thus missed. 

The conductometric titration curves of sols E and H with baryta and cal- 
cium hydroxide have round or flat minima and in this respect indicate, in 
contrast to the corresponding potentiometric titration curves, a comparatively 
weak acid character of the sols. 

Fig. 9 offers an interesting comparative study of the conductometric 
titration curves of hydrogen clay solF with sodium, potassium, ammonium, 
clacium and barium hydroxides. 

The slopes of the descending and part of the ascending portion of the curve 
obtained on titrating with Ca(OH )2 is distinctly less than that of the curve with 
Ba(OH) 2 . The slopes are arranged in the order : Na()H>K 0 H>NH 40 H> 
Ba(OH) 2 >Ca(OH )2 as the following figures will show : 


Table X 


Base used 








Slope of initial descending 
portion 








1 

i 

obs. Calc. 

Na(3H 

• 


• 

• 

• 

• 

• 

0100 0-346 

1 

KOH 

• 

• 

• 

- 

• 

• 

. 

0-085 0-31S 

NHO,H . 

• 

• 

• 

• 

• 

• 

. 

0-045 0-315 

Ba(OH), . 

• 

• 

• 

• 

• 

• 

. 

0-018 0-330 

Ca(OH), . 

• 

• 

• 

• 

• 

• 

• 

0-003 0-335 


The NaOH curve has the greatest downward slope and in this respect 
shows a stronger acid character than the Ba(OH) 2 , or, the Ca(OH )2 curve. 
As already shown, however, the potentiometric titration curves with these 
bases give an altogether different picture regarding the acid character of the 
sols. 

Table X shows that the actual slopes of the descending portions of the 
conductometric curves are smaller than those calculated^ for a strong acid. 
♦The slope is given by (ITh+— IT j|)/1000. where U^+and Ujj are respectively 

th© mobilities of hydrogen ion and the cation of the base at 35®C* at which all measure- 
ments were carried out. 
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The greatest discrepancy is observed with the Ba(OH )2 and Ca(OH )2 
curves. 

3, The va/riability of the total neutralizable cu^id of colloidal solntions of hydrogen 

clays 

Reference has already been made to variations of the total acid of a hydro- 
gen clay sol obtained on titration with different bases. In part VI of this series 
[Mitra, Mukherjee and Bagchi, 1940] these variations of the total acid have 
been fully reported and it has been shown tha,t titration of the sol with a given 
base in the presence of a large concentration of a neutral salt yields a higher 
total acid, measured at the same pH, than titration with the base alone. Such 
variations would not be possible in the case of any dissolved acid. 

V. The 'degrees of dissociation’ and 'dissociation constants’ of 

COLLOIDAL SOLUTIONS OF HYDROGEN CLAYS 

If colloidal solutions of hydrogen clays could be treated as acids in true 
solution their degrees of dissociation at a given total acid concentration and 
dissociation constants calculated from their titration curves would give an 
estimate of their * strength ’ as acid systems. 

The degree of dissociation of a hydrogen clay sol at a given total acid con- 
centration may be taken for purposes of discussion as equal to the ratio of 
the free acidity (i.e. the hydrogen ion concentration calculated from the ob- 
served pH) to the amount of acid equivalent to tliat of a dilute base necessary 
to reach the inHe\ion point. The folio W'ing table gives degrees of dissociation 
of hydrogen clay sols E, F and H. 

Table XI 


Snl 

1^0 C|A naAri fVii* t'fViA 

pH 

H ion cone 

Total acid 
at 

inflexion 

Free acidity 
XlOO 

out 

JL^Caow ILIA l/IIw 

titration 


XlO^'iV 

i 

point X 
lO^AT 

Total 

acidity 

E 

NaOH 

4*66 

219 

2(5 

84-2 


Ba(OH), . 


! 

24-3 

90 


Ca(OH), . . . ! 


1 

25 0 

8-4 

F 

NaOH 

14'4 

3-89 

120 ’ 

1 32-4 


1 Ba(OH). . 


1 

1 

380 

101 

H 

NaOH 

4*52 

• 3*02 

j 

140 

' 76 00 


Ba(OH), . 


1 

990 

3 03 


Ca(OH), . . . j 


1 

i 

990 

! 3 03 

. 

. . , ... 



1 

1 

! 


The degree of dissociation has a surprisingly low value when baryta or 
calcium hydroxide is used for the titration although the total acid concentra- 
tion is of the order of The sol thus behaves as a very weak acid. 

The corresponding potentiometric titration curves indicate, on the other hand, 
a strong acid character of the sols as already pointed out. 
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Table XI shows, however, that much higher values of the de^ee of disso" 
elation are obtained when the total acid given by the inflexion point, or mini- 
mum of the caustic soda titration curve, is used for the calculation. This 
is in agreement with the strong acid character of the conductometric titration 
curves with caustic soda (Fig. 4) but is at variance with the comparatively 
weak acid character of the corresponding potentiometric titration curve. 
The differences in the values of the degree of dissociation arise obviously from 
the variations of the total acidity of the sols previously mentioned. 

The apparent dissociation constants of hydrogen clay sols E, I and K 
have also been claculated. Two series of values of the dissociation constant 

have been obtained and tabulated below as K and K* values. The K values 

2 

as 

were calculated from the equation K-= j^Q^'^bere a is the ratio of the 

free acid to the total acid (C). The A'' values were calculated from different 
points in the potentiometric! titration curves using the equation pH =pK' 4-log 
; [salt], at any stage, has been taken as equivalent to the concentration 
[7?] of the base added and [acid] has been taken as equal to (7— [B]. 

Table XII 





A" 

Sol 

Base used for 
titration 

K 

! 

1/4 

neutralization 

1/2 _ 1 
neutralization 

3/4 

neutralization 

E 

Ba(OH), 

2-2x 10-« 

l-4xl0-» 

! 

2-8xl0-''^ 

60xl0-» 


Ca(OH), 

2-0xl0-« 

1 

6-Ox 10-« 

10x10-® 

1 

1 l-7xl0-» 

1 


Table XIII 


Sol 

Base used for 
titration 

K 


K' 


1/4 

neutralization 

1/2 

neutralization 

1 3/4 

1 neutralization 

I 

I 

NaOH 

7-3x10-^ 

1 

8-9x10“’ 

7-9x10“’ 

t 

8-OxlO-® 


: Ba(OH)* . 

8-9x10-’ 

2-6x10-® 

3-7x10“® 

1 3-6x10“® 


Ca(OH), . 

6-5x10-’ 

2-2x10-® 

2-4x10“® 

2-2x10“® 

K 

NaOH 

6-7x10-7 

6-6xl0“® 

6-3xl0“« 

4-2x10“® 


Ba(OH), 

8-9x10“’ 

4-4x10“® 

7-0x10“® i 

1-0x10“® 


Ca(OH), 

8-6x10“’ 

3-9x10“® 

6*3x10“® 

1*0x10“® 
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Tables XII and XIII show that there is no agreement between the K 
and K' values especially for the baryta and calcium hydroxide titrations. 
Also, the values of K' for them are much larger than those for the caustic 
soda titrations. This is again in agreement with the strong acid character 
of the baryta and calcium hydroxide titration curves (potentiometric ) compared 
to the weak acid character of the caustic soda curves (j)otentiometric). 
Actually, the ‘ dissociation constants ’ given in tables XII and XIII are not 
constants in any real sense of the term and consequently tliey lose their 
signihcance. 

VI. The role of the electrical double layer and of adsorption of 

IONS IN THE INTERACTIONS OF COLLOIDAL SOLUTIONS OF HYDROOEN 

CLAYS WITH BASES AND SALTS 

The results given in the preceding sections show that the interactions of 
hydrogen clay sols with electrolytes present a number of spec ial features whi(‘h 
are difficult to reconcile in the light of classical electrochemistry. A much 
clearer elucidation of these special features can, however, be obtained on the 
basis of the theory of the electrical double layer ])ostulating the exis- 
tence of primarily adsorbed ions associated w ith tlie colloidal partic les of the 
sol and of a secondary adsorption of cations by them [Mukherjee, 1921, 1922J. 
Mukherjee, Mitra and Muklierjee fl937] have used tliis theory as the basis of 
a theoretical formulation of the interactions of colloidal acid systems including 
hydrogen clay sols. An outline of the theory lias been given in the previous 
paper of this series [Mitra, Mukherjee, and iJagchi, 1940] where it has been 
applied to explain the variations of the total neutralizable acids of liydrogen 
clay sols observed on estimating the acid under different conditions of titration. 
An explanation of the special features of hydrogen clay sols recorded in this 
paper is given below based on the above theory.* 

According to the theory, ions corresponding to the jirimarily adsorbed 
anions * built in ’ on the solid side of the solid-liquid interface exist in two 
states, viz. in a secondarily adsorbed condition either by electrostatic, or, 
specific forces and in a free, or, ‘ mobile ’ state. The H ' ions of the first cate- 
gory are osmotically inactive. They ai'e the ‘ bound ’ ions. Both 

‘ mobile ’ and ‘ bound * ions may be disphu^ed by the cations of an added 
salt, or, a base, the displacement being determined by the adsorbability of the 
cations given by their valency, mobility and state of hydration when the ca- 
tions are adsorbed by electrostatic forces of attraction. They may also be 
adsorbed by specific valence forces, or forces of the Van der Waals' type. 

The mobile ions give rise to the free acidity, i.e. the observed H+ 
ion activity of the sol while its total acidity calculated from the inflexion 
point of its titration curve with a base includes both ‘ mobile ’ and ‘ bound ’ 
H+ ions. With the sols used in this work, the ‘ bound ’ H+ ions far outnumber 
the ions of the other category as the small ratio of the free to total 
acids of the sols shows. 

•The picture here suggested is of a general nature and it takes no account of (a) 
the detailed mineralogical structure of hydrogen clays, (h) their amplioteric character and 
(o) the role of A1+ + and other ions on the surface in addition to H ^ ions. Investigations 

covering these aspects are in progress. 
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Though osmotically active, the * mobile * H+ ions are not present in the 
intermicellary liquid of the sol which explains the negligible free and total 
acids of the ultrafiltrate of the sol compared to those of the sol itself. The 
colloidal particles of the sol with their adsorbed H+ ions — mobile and bound — 
constitute a distinctly separate phase from the intermicellary liquid. 

On the addition of a neutral salt to the sol, only the mobile ions, or 
both mobile and bound H+ ions, may be displaced by its cations. The alkali 
metal cations are weakly adsorbed. Consequently, when a salt containing an 
alkali metal cation is added to the sol, a displacement of the mobile H+ ions 
only may take place specially if the salt is added in very low concentrations. 
As only a displacement of hydrogen ions which were previously in an osmoti- 
cally active condition is involved, no marked variation of the hydrogen ion 
activity of the sol will be observed. The results given in table IV illustrate 
this effect. Though the H+ion activity of the sol has not appreciably 
changed, that of its ultrafiltrate has considerably increased. This increase 
is the result of the interchange between the mobile H+ ions in the double 
layers and the alkali metal cations in solution. 

A displacement of the bound ions will cause an increase in the H + 
ion activity of the sol. The results given in table V show that using chlorides 
alone, the relative effects of the different cations in increasing the H+ion 
activity follows the order Ba+^ > Ca++> Na+ which is the order of their 
electrical adsorption. In the previous paper of this series pVlitra, Mukherjee, 
and Bagchi, 1940] it has been shown that the relative effects of the cations tf) 
increase the total neutralizablc acid of the sol follow the same order which is 
also in agreement with the usual lyotrope series. It appears, therefore, that 
in the interactions of hydrogen clays with neutral salts an electrical adsorption 
of the cations of the salt plays a dominant role. The resulting cation effect 
is thus determined by electrical factors alone and it may consequently be de- 
signated as the ‘ regvlar cation effect \ 

In the interactions of hydrogen clays with bases also, adsorption of the 
cations of the base plays a definite role. On the addition of a base, besides 
the direct neutralization of the H+ by the OH*" ions, the cations of the base 
displace some of the bound H+ ions from the double layer which are then 
neutralised by the OH~ ions. The greater the adsorbability of the cation, 
the greater is thi.s displacement and hence a larger amount of acid is neutralized 
at a given pH. The smaller total acidity obtained on titration with sodium 
hydroxide compared to barium and calcium hydroxides is thus explained. 
The total acid calculated at a fixed pH decreases in the order Ca (OH) 2 >Ba 
(OH)j 5 >NaOH. In the interactions of the sols with the bases, therefore, 
the Ca++ ions appear to have a greater relative effect than the Ba++ ions! 
The slopes of the titration curves point to the same relative effects of the 
cations. Here, therefore, we have an ‘ irregular * or ‘ specific cation effect ’ 
in the sense that it does not follow the lyotrope series. Unlike the regular 
cation effect previously discussed it does not result from simple electrical ad- 
sorption of the cations together with their hydrated envelopes but arises from 
their adsorption in the dehydrated condition by specific forces other than 
simple electrostatic forces. 
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The features of the titration curves are explained from similar considera- 
tions. The first additions of the base neutralize the mobile ions. The 
disappearance of these mobile H+ ions displaces the equilibrium between mobile 
and bound ions in the double layer which is restored by the passage of some 
bound H+ ions from the bound to the mobile condition. Adsorption of the 
cations of the base considerably facilitates this process. When barium or 
calcium hydroxide is the base used for the titration, the Ba++ or ra++ ions, 
because of their high adsorption, displace more and more bound ions 
from the beginning of the titration which are then neutralized by the 
OH"~ions of the base. The titration curve ( potent iometric) has, therefore, 
a flat run indicating a moderately strong acid character of the sol. When 
the limit to which the bound H+ ions can be so displaced and neutralized has 
been reached, further addition of the base results in a sharp rise of the pH, 
that is, the titration curve shows an inflexion point. This limit, however, 
does not correspond to the neutralization of all the bound H+ ions as the titra- 
tion curve shows a continued buffer action beyond the inflexion point. The 
inflexion ]K>int thus indicates the neutralization of ions in a definite 
affinity level. 

Using sodium hydroxide also, the first additions of the base neutralize 
the mobile ions. The bound ions which far outnumber the mobile 
H+ ions cannot be disjdaced from the double layer by the sodium ions because 
of their weak electrical adsorption. The pH iff the system, therefore, shoots 
up and the titration curve shows a comparatively sharp initial rise. On 
further additions of the base, the eoncentmtion of sodium ions in the system 
increases and thus the probability of their adsorption is increased. This, 
combined with the gradually increasing pH of the system helps in the neutrali- 
zation of more and more bound H+ ions and the titration curve show^s a 
flattening after the initial rise. When the limit to which the bound H+ 
ions can be so displaced and neutralized has been reached further addition of 
the base may result in a sharp rise of the pH, that is, an inflection point in the 
titration curve may be observed (titration curves of sols I and K in 
Figs. 6 and 7). 

A consistent explanation of the apparently contradictory features of the 
potentiometric and conductometric curves is also obtained on the as.sumption 
that the gi*cater the electrical adsorbabihty of the cations of the base the 
greater is the amount of bound H+ ions displaced from the double layer w^hich 
can then react with the OH^ons of the base. The greater the displacement 
of bound H+ ions the smaller will be the slopes of the conductometric titration 
curves which will thus resemble those of a w^eak acid. The marked departure 
in the 8lo|>ea of the Ca (OHjj and Ba(OH )2 curves of sol F from those calculate 
ed for a strong acid and the weak acid character of these curves are thus 
explained. The process of displacement of bound H+ ions and their subse- 
quent neutralization would also diminish the slope of the potentiometric tit- 
ration curve but in this case a smaller slope indicates a stronger acid. The 
caustic soda titration curve (conductometric) has the greatest dowmw^ard slope 
though the corresponding potentiometric curve shows the steepest initial rise 
and thus the weakest acid character. The total acid calculated from the 
minimum of the NaOH curve agrees nearly (within 15 per cent) with the free 
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acidity of the sol. The minimum of the caustic soda curve thus corresponds 
mainly to the neutralization of the mobile H+ ions and only a small fraction of 
the bound H+ ions. 


Summary 

The electrochemical properties of a number of hydrogen clay sols have 
been studied. 

While the sols have measurable free and total acids, their ultrafiltrates 
are practically neutral. 

The actual specific conductivity of the sol is often leas than that due to its 
free H+ ions whose concentration has been calculated from the observed pH 
of the sol. 

When a neutral salt is added to a hydrogen clay sol, its H+ ion activity 
shows a marked increase. The nature and concentration of the cations of the 
salt are important factors. Using chlorides alone, the relative effects of ca- 
tions follow the order Ba++>Ca++>Na which is in agreement with the 
lyotrope series and thus illustrates a ‘ regular cation effect \ 

The sols give characteri.stic potent iometric and conductometric titration 
curves on titration with bases. The curves show several features which would 
not be expected with dissolved acids. The forms of the curves obtained on 
titration with different bases as also the total neutralizable acids of the sols 
calculated from them are different. The total acid decreases in the order 
0a((>H)2>Ba(OH)2> NaOH. I'he greater relative effect of Ca(OH), 
compared to Ba( 0 H )2 illustrates an ‘ irregular, or, specific cation effect. 
Mutually conflicting features are shown by the potentiometric and "wn- 
ductornetric titration curves with a given base The ‘ dissociation constants ’ 
calculated from the potentiometric! curves have a fictitious significance. 
Somewhat different types of curves are obtained with hydrogen clays ha\in<T 
widely different silica-alumina ratios. ^ ° 

The results have been discussed from the point of view of classical electro- 
chemistry as also in the light of the theory of the electrical double layer and 
of adsorption of ions. 
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T here is an element of arbitrariness regarding the various routine 
methods for estimating the base binding, or. base exchange capacity of 
soil. The different alternative methods do not always give concordant results. 
The uncertainty mainly arises from the difficulty of an accurate and unequi- 
vocal definition of what constitutes the exchangeable hydi’ogen, or, the titrat- 
able acid of the soil. Unlike the estimation of acids in true solution, or, 
colloidal systems in which the various phases can be clearly defined the amounts 
of aoids estimated by the different routine methods are often ill-defined. A 
precise knowledge of the nature of the interactions involved in the estimations 
is therefore desirable especially in order to render possible a satisfactory correla- 
tion of the mutually conflicting experimental observations. 

The methods used by Hopkins [1903], Daikuhara [1914] and Gedroiz 
[1924] for the estimation of the lime requirement of soil are based on the libera- 
tion of acid by the interaction of an acid soil with a neutral salt. Several 
theories have been proposed to explain the nature of this interaction. 
Until recently, this interaction had been regarded by some [Joseph and Oakley, 
1925], following Way [1862], to be an instance of double decomposition. It has 
also been suggested that on account of surface tension effects [Gedroiz, 1929] 
the neutral salt is split into the acid and the base of which the base is adsorbed 
at the interface and the corresponding acid is liberated. The difficulties in the 
way of a simple explanation is illustrated by observations such as those of 
Ramann [quoted by Hissink, 1935] that a complete displacement of aU the 
reactive hydrogen ions of soil is not effected even by continued leaching of the 
soil with a salt solution. The problem is further complicated by the fact that 
aluminium ions are nearly always found in the neutral salt extracts of acid 

"The results given in this paper have been taken from the published annual report 
for 1936-37 on the working of a ‘ Scheme of jResearch into the Properties of Colloid Soil 
Constituents’ financed by the Imperial Cotmcil of Agricultural Research, India and 
directed by Professor J. N. Mukherjee. The authors’ thanks are due to the University of 
Calcutta for permission to work in the Physical Chemistry Laboratories of the University 
and for other facilities. ' 

‘fSenior Assistant Soil Chemist under the above scheme. 
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soils. The role played by the electrical double layer in these interactions 
has been mphasized by Mukherjee [1922] and Wiegner [1926]. The picture is 
however still far from being definite and according to Hissink [1936], no 
existing, theory can adequately explain the nature of the above interactions. 

The method of electrometric titration with a base has often been used 
[Goy, Muller and Roos, 1928 ; Hardy and Lewis, 1929] for estimating the total 
neutralizable acid of soil, e.g. for assessing its lime requirement and exchange- 
able hydrogen. The nature of the interaction between an acid soil and a base 
cannot also be said to have been clearly understood. Also, an adequate 
explanation of the observation that more base is required to attain a certain 
pH when the soil is titrated in the presence of a neutral salt than when titrated 
alone [Crowther and Martin, 1926 ; Hardy and Lewis, 1929 ; Clark and Collins, 
1930] has not been so far forthcoming. 

In a series of papers being published from this laboratory [Mitra, 1936] 
the nature of the reactions between colloidal solutions of hydrogen clays and 
bases both in the presence and absence of neutral salts is being studied in 
detail. A theoretical formulation of the reactions in some simple systems 
related to hydrogen clays has been given by Mukherjee, Mitra and Mukherjee 
[1937]. The present paper being the first part of a series and its main purpose 
being to examine in the light of this theory the results of comparison of the 
base binding capacities of hydrogrn claj’s by different methods, the conclu- 
sions of Mukherjee, Mitra and Mukherjee [1937] as might be extended to 
hydrogen clay sols are discussed in some detail below. 

The colloidal particles of the .sols are stirrounded by hydrogen ions existing 
partly in a free, or, osmotically active condition forming the mobile sheet of an 
electrical double layer and partly in a secondarily adsorbed state on the 
surface. The osmotically active hydrogen ions give rise to the observed 
hydrogen ion activity of the sol ; the remaining hydrogen ions are present in a 
‘ bound ’, that is, osmotically inactive condition. 

In the interaction of the sol with a neutral salt, its cations displace hydro- 
gen ions from the double layer, the amount of displacement depending on the 
adsorbability of tlio cations. Where Van der Waal’s forces or chemical valence 
forces do not operate between the oppositely charged ions in the pairs formed 
by adsorption, the energy of adsorption is determined by their electrical pro- 
perties, e.g. valency and mobility and the condition of hydration of the ions 
forming the ion pairs. Consequently, on the addition of different neutral 

salts having a common anion at the same concentration, the hydrogen ion 

+ 4 “ + + + 4 * 

activity of the sol increases according to the order Ba > Ca> K> Na of 
the electrical adsorption of the hydrat^ cations which is also in agreement 
with the lyotrope series. This has been called a regular cation effect. 

In interactions with bases also, the cations of the latter have a marked 
effect. Apart from the direct neutralization of the free hydrogen ions by 
hydroxyl ions, the cations of the base displace various amounts of bound 
hydrogen ions from the double layer which are then neutralized by the OH— 
ions. The greater the displacement the greater is the amoimt of acid reacting 
with the base at a given pH. Titration with different bases thus yields differ- 
ent total acids calculated at a fixed pH. The total acid decreases in the order 
Ca (OH), > Ba (OH), > NH 4 OH > KOH > NaOH. In the alkaline region 
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calcium appears to act more intensely than barium and this has been attri- 
buted to what has been called the irregvla^ cation effect (vide later, p. 347) to 
distinguish it from the regular cation effect. 

On titrating a hydrogen clay sol with a given base in the presen (‘e of a 
neutral salt, the cations of the salt present in large numbers, displace hydrogen 
ions from the double layers and thus bring into a neutralizable condition hydro- 
gen ions present in higher affinity levels in the double layers than those wliich 
can be neutralized at the same by the base alone.* A greater total acidity 
is thus obtained on titration in the presence of the salt than in its absence. 
This explains why in the electrometric titration of soil more base is required 
to attain a certain pH when the titration is carried out in the presence of a salt 
than in its absence. 

Actually, the total acid is a function of (1) the pH at which it is nieasured 
and (2) cation effects. In the absence of a salt, the first additions of the base 
neutralize mainly the mobile hydrogen ions and the pH rises. The equilibrium 
between mobile and bound hydrogen ions is disturbed and more hydrogen ions 
pass from the bound to the mobile condition. These hydrogen ions arc then 
neutralized. The process continues as the pH rises and increasing amounts 
of the acid are neutralized. Adsorption of the cations of the base as previously 
explained facilitates this process and here the cation effect conies in. The 
cation effect finds expression in the different total acidities, measured at the 
same pH, obtained on titration with different strong bases. In titrations in 
the presence of a salt, the carion effect is much more marked in view of the large 
concentration of cations present in the system from the beginning of tlie titra- 
tion. The sol+salt mixture contains free hydrogen ions displaced into the 
interinicellary liquid from the double layers by the cations of the salt, and it 
has been definitely established that the particles in the floes also contain 
amounts of hydrogen ions in a reactive condition.** In titrating this niixture, 
the free hydrogen ions in the supernatant liquid and surrounding the tiocs are 
first neutralized and then as the pH rises more and more hydrogen ions are dis- 
placed from the floes and neutralized. The large number of cations present in 
the system materially helps this process and the c;ation effect is emphatically 
brought out in the larger total acidity, measured at the same pH , obtained on 
titrating the sol-fsalt mixture than the sol alone. The hydrogen ions which 
are brought into a neutralizable condition on the addition of a neutral salt are 
not all displaced in the interinicellary solution. This is shown by the fact that 
the titration of the colloid-free extract obtained by continued leaching of the 
sol with the solution of the salt yields a much smaller total acid than that 
obtained on titrating the sol+salt mixture in situ. This observation is in 
agreement with that of Ramann already referred to and it shows that lime 
requirement methods in which the acid displaced in neutral salt extracts of 
soils is titrated estimate only a part of the total neutralizable acid of soil. 

+ -f* + 

♦The cations of the salts also displewe A1 ions whose salts by hydrolysis give 
rise to some titratable acid in the sol -1- salt mixture. A systematic study of this point is 
being carried out in this laboratory by Mr B. Chatterjee. 


♦♦Fide above footnote. 
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Reference has been made above to the relative effects of Ba++and 
Oa^*^ ions in the interactions of their salts and bases with hydrogen clays and 
tl\eir dependence on the pK of the system. Added as salts, barium ions have 
a greater effect than calcium ions in liberating acid from hydrogen clays. 
Both the hydrogen ion activity and the total acidity of a hydrogen clay sol are 
increased to a greater extent on the addition of bariuiii chloride than of calcium 
chloride. The interaction with the salts results in the liberation of acid and 
takes place in the acid region. The relative effects of the Ba*'^ and Ca+^ 
ions in this region follow the electrical adsorjjtion of hydrated ions and thus 
constitute a regvlar cation effect. But the total acid obtained on titration in 
the absence of a neutral salt of the cation with calcium hydi oxide is, as already 
observed, usually greater than that obtained on titration with baryta. The 
(/a'^‘*' ions thus have a greater effect than the Ba^^ ions. The slopes of 
the titration curves point to the same conclusions. An irregular, or, specifi- 
cation effect, that is, one which does not folh)W the ly()tro]>c series and is deter- 
mined by specific forces other than simple electrostatic attraction on tlie 
hydrated cations is observed : probably, the cations becoine dehydrated under 
t hese conditions. 

In the light of the above, it appears that the lack of agreement between 
the lime reejuirement, and the base binding capacities of soils obtained by the 
dificrent routine methods arises from the fact that different types of cation 
effect are brouglit to bear in the different methods depending on the experi- 
mental conditions of each as a result of which different ainoimts of acid are 
displaced or neutralized even at a given pH, e.g. pH 7 (k 

In the present paper, a comparative study has been made of the total 
acidities of colloidal solutiijns of hydrogen clays calculated from their electro- 
metrie titration curves as previously obtained in this laboratory* and their 
base binding caf)a(!ities obtained by some recogiuzed methods which do not 
depend t)n the titration principle. Such comparison.^ arc expected to bring 
out (1) the signiticance of the total acidity values eahailatcd from the titration 
curves in relation to the base binding capacities obtained by the routine 
metliods and (2) the role of <‘ation effects in det^uinirniig the ba.'-e liinding 
rapacities by sueli routine metliods. T'he billowing methods have been used 
for the (Comparison : 

1. Parker's method [Parker. 1929]. 

2. Mattson's method [Mattsem, 1932]. 

3. Hissink's hack titration method lHis.sink, 192oJ. 

It is intended in subsequent papers of this series to extend the work to 
hydrogen clays obtained from Indian soils otlier than tliose used in this work 
and to compare a larger number of routine methods, ft is also intended to 
extend these studu\s to soils themselves and to bring tbe results on hydrogen 
clays and soils in mutual relation when sufficient experimental material will 
have accumulated. 


*Syslomatic siiidicR of th(^e curve.s have In^en undertaken in a separate series of 
papers entitled ‘On the nature of the I’eact ions responsible for soil acidity'. See, in 
particular, Part V of this 8erk\s (R. P. Mitra, this journal, Vol. 6, p. 565, 1936). Parts VI 
and VII have also been communicated fur publication. 
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Experimental 

1. Preparation of colloidal solutions of hydrogen olays 

The hydrogen clays were prepared in the manner described in a previous 
paper [Mitra, 1936] from the clay fractions of the following two Indian soils 
(surface soils). The clay fractions were separated from the soils using the 
International soda method. 

(i) Soil from Government Seed Farm, Kalyanpore (U. P.) ; a brown 
loam. 

{ii) A black cotton soil from Satara Dt., Bombay Presidency ; calcium- 
saturated, neutral soil. 

Hydrogen clay sols H and I respectively were obtained from the above 
soils.* 

2. Methods of estimating total acidities and base binding oapacitibs 

(а) Electrometric titration with bases in presence and absence of neutral salts 

The teclinique followed was as described in a previous paper [Mitra 

1936]. Both hydrogen and glass electrodes were used. 

(б) Parker's method 

A known amount of the hydrogen clay was leached with a neutral normal 
solution of barium acetate. The adsorbed barium estimated as barium 
sulphate after displacing it by leaching the clay (which was now a barium clay) 
with a neutral normal solution of ammonium chloride gave the base binding 
capacity. The adsorbed Ba checked satisfactorily with the adsorbed NH|. 

(c) Mattson's method 

To a series of jena glass bottles each containing a definite volume of t he 
hydrogen clay sol was added a neutral salt sufficient to give an approximately 
normal solution. Increasing amounts of the corresponding base Avere added 
to the different bottles. The pH values of the mixtures were then cleterniined 
using the glass electrode and a titration curve obtained hy plotting these 

values against the equilibrium concentrations of the base added. To a 
second series of bottles containing only the salt solution in the concentration 
as previously used were also added increasing amounts of the base and on 
plotting the values against the final concentrations of the added base a 
second curve was obtained. The base binding capacity of the hydrogen clay at 
any^H was given by the distance (reckoned at this^>H) between the two curves 
parallel to the axis showing the amounts of the base added. 

(d) Hissink's hack titration method 

To a given volume of the hydrogen clay sol was added a sufficient amount 
of the base to make the resulting about 11*00. The amount of the base 
reacting with the hydrogen clay was obtained by conductometrically titrating 
the excess base with a standard acid. Different bases were used. 

Results 

The base binding capacities are given in Tables I and II, 

♦The first soil was obtained through the courtesy of the Superintendent, Government 
Seed Farm, Cavmpore, The other soU was kindly supplied by the Agricultural Chemist, 
Bombay. 
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Table I 

Base binding capacity of hydrogen clay H obtained by different meihods 

Base binding 
capacity at pH 

Method. 7 • 0 in m. f'. base 

I per 100 gm. 

' colloid. 


A. Eleoirometrio titration in presence and absence of 


salts. 

Titration with — 

(i) Ba(OH)* 32*0 

(ii) Ca(OH), 32*8 

(iii) NaOH 10-7 

(iv) Ba (OH)| in presence of BaCl, {0*M)N 48 0 

(v) Ca (OH)g in presence of CaClg (0‘83JV) . 47 0 

(vi) NaOH in presence of NaCl (0- 83N) . 40 0 

(vii) Ba (OH)t in presence of Ba (Ac), (0*83JV) . 61 *0 

B. Mattson's method using — 

(i) Ba (OH), and BaCl , (0 • BZN) . . 47 0 

(ii) NaOH and NaCl (0 -83iV) . . 39 6 

C. Parker's method ...... 61*0 

D. Hissink’s method* using — 

(i) NaOH to give pH 11*1 .... 80 *2 

(ii) Ba (OH), to give pH 10*87 . . . 85*4 

(iii) Ca (OH), to give pH 10*90 . 88 -2 


Table II 

Boat binding capacity of hydrogen clay I obiaived by different methods 

Base binding 

Method capacity at pH 

i 7*0 


A. Electrometric titiation in presence and absence of | 


salts — 

Titration with — * 

(i) Ba(OH), 1 82 0 

(ii) Ca(OH), I 97 0 

(iii) NaOH 78 0 

(iv) Ba (OH), in presence of JV BaCl, . 110*6 

(v) Ca (OH), in presence of N CaCl, . 106 0 

I 

B. Mattson's method using — ! 

(i) Ba (OH), and N BaCl, . . . 109 *5 

(ii) Ca(OH),andN CaClt . . . 106 0 

C. Parker's method ^ 110-6 


*The base binding capacity estimated by this method does not correspond to pH 
7*'0. It really oonfonna to the pH &ally attained on adding the alkali to the sob 
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The results clearly bring out the variability of the total neutralizable acid 
as previously discussed. The manner of variations is also as previously indi- 
cated. Approximate agreement, however, is found to exist between the base 
binding capacities (at pH 7*0) obtained by methods A (iv), A (vii), B(i) and C. 
The agreement between A (iv) and B (i) is expected as B (i) (Mattson^s 
method using Ba (OH )2 in presence of BaClg) really amounts to a titration 
of the sol + salt mixture as carried out in A (iv) with the difiFerence that in 
B (i) the titration is not continuous. B (i) also requires much larger quantities 
of the hydrogen clays than A (iv). The cation effects brought to bear in A (iv) 
and B (i) are the same and consequently, the same amount of acid is neutralized 
at i\ given pH, viz., pH 7*0. 

The agreement with Parker’s method (method 0) which does not depend 
on tlie titration princi})le is interesting as it giv^es a definite significance to the 
total acidity values obtained on titrating the sc)l in the presence of barium 
chloride [A (iv)] and barium a^'ctate [A (vii)]. x\n explanation of this agree- 
ment may be given in the light of the theoretical considerations already 
brought forward. When barium chloride or barium acetate is added to the 
colloidal solution of the hydrogen clay, the ions present in the double 
layers are exchanged forBa++ ions. This interchange, however, being a 
reversible process, all the H+ ions are not exchanged and at equilibrium, the 
relative distribution of Ba++ and H+ ions in tlie double layei* is determined by 
the distribution of these ions in the bulk of the liquid phase. Tlie addit ion 
of baryta removes some H+ ions from the liquid phase whose Ba ^ ^ /H-^ ratio 
thus increases. A new equilibrium between the solid and the liquid phases is, 
therefore, set up which requires a higher Ba-^^ /H*^ ratio in the double 
layer than what previously obtained. This latter ratio increases as the pH 
of the system rises, there being a definite relation between the absolute values 
of the ratios in the bulk of the liquid ])ha.se and in tlu' doul)le la \Tr. Thm the 
amount of Ba absorbed, or, conversely, the amount of H^ ions displaced from 
the double layer and neutralized is, as already explained, a fniiction of the pH, 
the Ba++ ion concentration in the liquid phase remaining ])raf*ti(*ally constant 
(N). At a different Ba++ ion concentration, the amount of acid neutralized 
at the same pH would be different. The smaller t^)tal acids of the soLs measured 
at pH 7*0 obtained on titration with baryta alone than in the presence of 
barium chloride would be thus explained. 

When the sol is leached with a solution o{ barium acetates as in Barker's 
method, the Ba++ ions of the leaching solution displace ions from the 
double layers ; these ions mostly form undissociated acetic acid molecules 
and are removed from the sphere of action as fast as they are displaced hy the 
Ba+^ ions. The colloidal practicles thus always find themselves in a medium 
having pH 7 0 and a normal Ba++ ion concentration. The conditions obtaining 
after the leaching has sufficiently progressed are identi(*al with tliose reached 
on titrating the sol -f BaOlg (N) mixture to pH 7*0 in so far as the Ba /H 
ratio in the liquid phase is concerned. Under these conditions, the amount 
of Ba adsorbed from the barium acetate solution becomes, for reasons 
stated above, identical with the total acidity of thesol-j BaClj {N) mixture.* 

♦The slightly smaller total acid of the sol Hq- BaCla mixture compared to the ba^-e 
binding capacity by Parker’s method is probably due to the mixture containing 0 • SBN 
BaCl, inst ad of N BaCl^. 
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Tables 1 and II show that Hissink’s back titration method yields the highest 
base binding capacities. The results obtained with different bases are different 
increasing in the order : NaOH < Ba (OH), < Ca(OH),. The high values 
obtained by this method are expected as in the highly alkaline regions obtaining 

under the conditions of the experiment more ions associated with the 
colloidal pmticles enter into the reaction with the base than would be the case 
in the neutral, or, acid region. The method is, however, open to the objection 
that a decomposition of the exchange complex may take place under the condi- 
tions of titration [Schofield, 1931]. A ‘ break down ’ of the absorption 
complex of a hydrogen clay from a lateritic soil from Bengal has been 
observed in this laboratory at pH 12*5. A second criticism against Hissink’s 
method is that it measures the soil hydrogen under conditions of alkalinity 
which do not usually obtain in soil under field conditions. 

gimunazy 

The total acidities of colloidal solutions of hydrogen clays calculated from 
their electrimetric titration curves have been compared with their base binding 
capacities obtained by other methods. The total acid calculated at pH 7*0 
from the titration curves is a variable quantity depending on the nature of the 
base used and on whether the titration is carried out in the presence or absence 
of a neutral salt using a given base. Titration of the sol+salt mixture yields 
a much higher total acid (expressed as m. e. base per 100 gm. colloid) than 
titration of the sol alone. Titration with baryta in presence of iV^-barium 
chloride, or, iiT-barium acetate yields the highest total acid and it is equal to the 
base binding capacity of the hydrogen clay obtained by Parker’s method. 
Much higher values of the base binding capacity are obtained by the back titra- 
tion method of Hissink. The results have been discussed in the light of cation 
effects which are brought to bear in the different methods of estimation. 
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(With five text-figures) 

Introduction 

I N December 1933 the preaent writer undertook, at the suggestion of 
Dr L. A. Bamdas, certain investigations on soil tempera turas at the Cen- 
tral Agricultural Meteorological Observatory at Poona. These were intended 
to form part of a scheme of related investigations on the disposal of the radia- 
tion received from the sun and the sunlit sky. Apart from routine observa- 
tions of soil temperatures a number of experiments were performed, mostly 
during the clear seasons of the last three years, in order to ascertain how far 
one can modify the thermal conditions in the soil layers near the surface of 
the ground. A brief account of the re, suits was published in two recent 
notes [ Bamdas and Dravid, 1934, 193C ]. A fuller discussion of these results 
is attempted in the present paper. 

.\ brief description of the city of Poona and its surroundings and of the 
general climate of the locality may serve as a useful introduction. 

Description of Poona and its sdkroundinos 

Poona (Lat. 18° 30' N., Long. 73° 53' E.) is situated at the confluence 
of the two rivers, Mutha and Mula, near the western margin of the Deccan 
plateau at a height of 1,830 ft. above the mean sea level. The city is sur- 
rounded by numerous low hills. 

The general features of the climate of Poona are brought out by Table I 
which gives the normals of the various meteorological elements for Poona. 

The South-west monsoon sets in in June and continues up to the middle 
of September. The monsoon season is characterised by over-cast skies, frequent 
drizzling, high south-westerly or westerly winds and small diurnal variation 
of temperature. There are also occasional thundershowers in this part of 
India during the pre-monsoon and post-monsoon months. 

The climate during the dry season with which we are concerned mainly 
in the present paper (November-April) is of the ‘ dry continental type ’ essen- 
tially controlled by insolation during day and radiative cooling during nigh t. 

•This investigation was carried out while the prestsnt writer was working aa a 
research student in the Agricultural Meteorology Section (financed by the im p oi- ifl 
C!ouncil of Agricultural Research) at the Meteorological Office, Poona. The paper 
is a revised form of the thesis submitted to the University of Bombay for the M.So. degree. 
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CMear skies, feeble air movements, large dinmal range of temperature and 
of relative humidity and low water vapour content of the air layws near 
the ground are the oharaoteristios of this season. The Bombay-Deooan, 
of which Poona is fully representative, is more or less outside the areas directly 
affected by the north-east monsoon and the western disturbances during 
the winter months. The clear season extending over six months of the year 
in the Bombay-Deccan is, therefore, convenient for investigations on soil 
temperatures under comparatively simple climatic conditions. 

Thermal balance at the soil sttbitaoe 

The variation of temperature with depth and time in the soil depends 
upon a number of factors which control the disposal of solar radiation at the 
earth’s surface. These factors are enumerated below : — 

1. The duration and intensity of the total radiation from the sun 

and the sunlit sky received by unit area of a horizontal surface. 

2. The colour of the soil surface which determines what fraction of 

the incident energy is absorbed by the soil surface. 

3. The thermal conductivity of the soil which depends upon : — 

(а) the chemical composition of the soil, 

(б) the water content, and 

(c) the pore space or apparent density. 

4. The heat transfer from the heated soil surface by convective pro- 

cesses in the air layers near the ground. 

6. The radiative exchange in the long wave-length or infra-red region 
of the spectrum between the soil surface and the atmosphero. 

6. Evaporation and condensation of water vapour at the groimd 
surface [Ramdas and Katti, 1934; 1936]; during the clear 
season at Poona, the day to day variations in the moisture 
content of the surface soil are small compared to the diurnal 
variations, the loss by evaporation during the day being re- 
couped more or less by absorption of water vapour from the 
atmosphere during night. 

To determine the heat balance at the earth’s surface it is necessary to 
make a systematic measurement of each of the above factors. The Oentral 
Agricultural Meteorological Observatory at Poona, which was started in 1938, 
has been slowly improving the equipment necessary for a complete scheme 
of observations 

1. Iittenstty of radiation from the sun and the sunlit shy and the duration of 

hours of dear sunshine 

The^asurement of total radiation from the sun (8) and sky (H) is made 
at the Central Agricultural Meteorological Observatory by using a Moll 
Solarigraph which consists of a sensitive thermopile and a recording Milli* 
volt^ter (ma^ by Messrs Kipp and Zonen-Delft). The monthly means 
of the total daily radiation expressed in gramme-calories, the number of 
days fw which records were available and the mean duration of sunshine 
as recorded by a Campbell-Stokes Sunshine recorder are given in Table H 
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for the different months of the year 1986 [Raman, 1936]. In the same 
table the highest and the lowest values of S+H, recorded during each month, 
are also given. For the sake of comparison the mean values of S + H on 
clear days alone and on over-cast days are given separately along with the 
number of occasions of each t 3 ^e at the bottom of the table. 

The mean values of S + H on clear days alone during different months 
give an idea of the intensity of possible radiation in different seasons. April 
and May are seen to be the two months in which the possible radiation income 
is greatest and December shows the minimum possible radiation. No records 
of clear days are available for the months of July and August, but there is 
no doubt that the intensity of possible radiation in these months would be 
intermediate between those of June and September. 

2, Albedo of the surface of the ground 

It is necessary to see what fraction of the incoming solar energy is actually 
absorbed and converted into heat by the soil surface for a study of the heat 
economy at the earth’s surface. For this purpose it is sufficient to measure 
the reflection co-efficient or the albedo of the surface for the visible radiation 
which preponderates in the solar spectrum. These reflection coefficients 
were determined by using a Moll thermopile with a glass window and a cone 
and a sensitive galvanometer. The thermopile was directed towards the 
sunlit surface under experiment and then towards a standard white surface 
of French chalk also exposed to full sunshine. The deflection in the first 
case when divided by the deflection in the second case gives the albedo, if 
we assume that the chalk surface diffuses all the incident radiation. Measure- 
ments were made for the surfaces mentioned in Table Til. 

Table III 


Kind of surface 


Albedo 

(per 

cent) 


Freiicli chalk 
Charcoal powder 
Poona black ci)tlon soil 
Grass coven^d soil 
Sakrand soil 
Belgauni soil 
Quartz powder 


100 (tiSHiiint'd) 
6 
16 
32 
41 
15 
72 


. ^ the surface of Poona soU absorbs 84 per 

^nt of the mcident radiation. In fact, soil temperatures of the order of 
76 C are occasionaUy recorded at Poona during the summer. Other soils 
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referred to in the Table III are typical Indian soils which are not so absorbing 
as the black cotton soil of the Deccan. 

3 . Thermal diffusivity of the soil 

We shall refer in detail later on to the seasonal variation of the thermal 
diffnsivity of the black cotton soil at Poona. It would, however, be appro- 
priate to refer here to the seasonal variation of soil moisture in the different 
layers of the soil as this is the most important factor which is responsible for 
the variations in the thermal diffusivity under field conditions. Weekly 
determinations of soil moistme at depths of 0, 2 in., 4 in., 6 in., 8 in., 12 in. 
and 18 in. were made from the middle of July 1935, on the bare plot of the 
Central Agricultural Metec>rological Observatory. The data up to the end 
of November 1936, i.e. over a period of about sixteen months, are shown in 
Fig. 1 which gives the isopleths of soil moisture. This diagram illustrates 
the variation of moisture both with depth and with time. The isopleths 
are drawn at intervals of 5 per cent (moisture content of soil expressed as 
percentages of dry weight of soil). From the daily rainfall indicated by the 
length of the vertical lines in the upper portion of the diagram it will be seen 
that the spells of rain cause the high moisture content lines to approach 
the surface and that, during the frequent breaks in the monsoon rains at 
Poona, the moisture content fluctuates rapidly in the first six inches of the 
soil. After the withdrawal of the monsoon the surface layers of the soil 
are subje(*ted io more or less unbroken desiccation during the long spell of 
dry weather extending from the first w(^k of November lt>3r> to tlie beginning 
of June 1936. It is interesting to note that after the initial desiccation the 
isopleths remain m^arly horizontal during the dry season with th(‘ 5 per cent 
line near the surface and the 25 per cent line at a depth of about 1 foot. The 
diagram brings out quite strikingly the protecting influence of the dry surface 
soil on the layers below of which the moisture content never goes l>elow 25 
per cent. 

The fa(‘t that tlie lower layers of the black cotton soil at Poona have a 
comparatively steady value of moisture content is due to its high water- 
holding capacity which sets a limit also to the depth dow n to which percola- 
tion can occur with the light rainfall over this tract. 

4. Convective heat transfer frofn the ground surface 

Some of the thermal energy w^hich accumulates at the surface during 
the day time is partly conducted into the lower layers of the soil and partly 
transmitted to the air layers near the ground by convection. (We shall 
refer to the heat transfer by radiative proceases in the next section). The 
heat transfer from the ground by convection takes place mostly during day 
time when the surface is wanner than the air above it. Raman [ 1936] 
working at Poona has made a simple apparatus for measuring directly the 
heat carried away from unit area of the ground surface in miit time. A 
full account of his method will be found in the paper referred to. Fig. 2 
curve (C) shows the hourly valuers of the heat loss by convection in gramme 
calories per minute on a clear day (23-4-1936). The curve rises quickly 
after sunrise at taining a maximum between 14 and 15 hours. Later the 
Talue decreases rapidly and becomes negligible after sunset. 






0 7 » 11 13 16 17 19 21 23 1 3 6 

Time in hours I. S. T. 


Radiation from siin (S) and sunlit sky (H) ; (b) TemperA- 
^rf^* w («) Heat 'os® by convection from 

layera transfer by conduction between soil surface and the soil 


6. Sadiattve exchar^e in the long-wave-length or infra-red region of the apectrum 
between the 90 %l surface and the atmosphere 

surface is receiving 

aod mu a part of which it absorbs 

perature enwgy The diurnal wave of the surface tem- 

perature very doeely foUows the altitude of the sun and the intensity of the 
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radiation arriving at the surface from the sim and the sunlit sky. After 
sunset the surface of the ground begins to cool and the cooling continues until 
sunrise on the next morning. Bodies at the temperature of the earth’s surface 
emit long wave or heat radiation. The energy radiated has its maximum 
value at about lOu, and most of the radiation is confined to the wave-length 
interval 3u to 50 p. In this region of the spectrum the surface of the ground 
emits and absorbs like a black body so that, knowing the surface tempera- 
tures T* (from surface thermograph records or actual hourly observations 
of surface temperature) we can calculate the total energy E radiated to a 
hemisphere by unit area of a horizontal surface per second from the relation 
E= (tTs * gramme calories per second, where g is equal to 1* 37x10-^* 
and Tg is the surface temperature in degrees absolute. If the atmosphere 
contained no water vapour all the heat energy radiated by the surface would 
be lost to space ; the atmosphere, however, always contains suflScient water 
vapour to absorb and re-radia^ some of this energy back to the surface of the 
ground. The heat radiation S coming from the night sky as a whole towards 
unit area of the surface of the ground per minute is measured by means of 
Angstrom’s pyrgeometer. Table IV below gives the mean values of air tem- 
perature in degrees absolute, the vapour pressure in mm. of Hg, the black 
body radiation and ^ the sky radiation, in gramme calories per sq. cm. per 
minute on clear (cloudless) nights alone during the months of 1934 (except- 
ing July, August and September). 

Table IV 


Mean monthly values of radiaiion 8 from the night slcy, etc,, on clear days in 

1934 


Month 

j Number i 

1 

1 observa- 
> tions 

1 

Air 

tempera- 

tui’o 

degrees 

absolute 

Vapour 
pressure 
in nun. 
ofHg 

<jT« 

gm. cal/ 
cm.* mini- 
mum 

S 

gm. cal/ 
cm*. 

minimum 

January 

7 

287 

1 4«7 

•666 

•386 

February 

1 28 

296 

1 7.0 

•622 

444 

March 

26 

299 

j 9-4 

•646 

I *477 

April 

22 

301 

1 

671 

•490 

May 

27 

302 

13*9 

684 

•497 

June 

5 

301 

17. 1 

•669 

•606 

October 

3 

294 

1 

11. 3 

•607 

*463 

November l 

23 

290 

9-6 

•677 

•437 

December | 

19 

288 

70 

•663 

•436 
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6. The heat exchange by conduction between the soil surface and the layers 

soil below 


l>uriBg day time, when the temperature 0^ at the surface is higher than 
01 at unit depth below the sixrface, the thermal current will flow downwards 
from the surface. At night when 0^ becomes lower than the thermal 
current will flow upwards towards the surface. In general, on a calm and 
clear day, the heat conveyed downwards and upwards respectively will be 
roughly of the same order of magnitude, but during transition months when 
there is an upward or downward trend in the annual variation of temperature 
there will be some positive or negative carry over to the next day. If 0^ 
and 01 are the mean temperatures during an hour, the heat conducted into 
a lower layer through the 1st unit layer with a mean temperature 8m would 
he X (0o-0i) per unit time per sq. cm. and if the unit layer is itself changing in 

dO * 

temperature at the rate — the accumulation of heat in the unit layer 


d 0 

itself will be C. ™ per unit time per sq. cm. where C is the specific heat 

of the soil. It will he clear, therefore, that the amount of heat conducted 

d 0 

from a surface of the soil will be given by X (6o-6j )4C. Using 


dt 


d 0 

the appropriate signs for 0o-6i, and — and knowing the values of 0^, 0^ 

and 0111 from curves showing the hourly variation of these temperatures 
it is possible to compute the amount of heat leaving or arriving at unit area 
of the soil surface per unit time or during hourly intervals. 

We are now in a position to consider the thermal balance at the soil surface. 
We shall consider the conditions on the 23rd April 1936, a clear day during 
the summer at Poona. Fig. 2, curve (a) gives the march of solar -fsky radia- 
tion (S -f H) arriving at the surface. ITie albedo of the surface for visible 
radiation may be taken as 15 per cent. The mean value of S. the heat radia- 
tion from the atmosphere, was ‘480 gm. cals./cm*/mt. Chirve (6) in the same 
diagram shows the hourly variation of or the heat radiation emitted by 
the soil surface. Curve (c) shows the hourly variation of the heat trans- 
ferred from the soil surface by convection. Curve (d) shows the heat loss 
by conduction into the soil layers. In this curve, the portion above the zero- 
line indicates the gain of heat at the surface by conduction during the night 
from the lower layers of the soil and the portion below the zero-line indicates 
the heat lost by conduction into the lower layers from the soil surface during 
the day hours. The values of the different factors are expressed in Fig. 2 
in gramme calories per sq. cm. per minute. 


TBK SGHSMB of BXPBBIMBNTS ok soil TBMPBRATtTRES 

Having discussed the various factors which control the disposal of solar 
energy at the earth’s surface, we may now go on to the subject of soil tempera- 
ture and its variation with different soils and with different conditions at the 
surface. 
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In a note [ Ramdas and Dravid, 1934 ] published in Current Science a 
simple scheme for conducting experiments on soil temperatures has been 
outlined. As mentioned in the previous section the temperatures attained 
by different layers of a soil, when its surface is exposed to solar radiation and 
to the other contemporary meteorological phenomena, will depend to a large 
extent upon the colour and cover of the surface and the chemical and physical 
composition of the different layers below the surface. 

Johnson and Davies [ 1927 ] have measured temperatures at a depth 
of one centimetre in blocks of tar, macadam, bare earth, sand, rubble, and 
bare clay 1 metre square and 15 cm. deep. In view of the fact that the 
samples were 16 cm. deep their results represent the joint eflFects of 
the colour and composition of the materials used. 

For a preliminary and a comparative study of the behaviour of diflFerent 
typical soils with respect to soil temperatures, the variation due to climatic 
differences from place to place was eliminated by bringing sufficiently large 
amounts of the selected soils to one place of observation, viz. the Central 
Agricultural Meteorological Observatory at Poona. 

The experiments were made in distinct stages as follows : — 

1. The physical and chemical properties of the soil wore kept identical 
by working with plots of the undisturbed local soil ; the plots 
measured 6| ft. by ft. each and similar sets of thermometers 
were installed at the different depths. 

The type of the thermometer used (manufactured by R. Fuess) has a 
bend near the bulb which makes it easy to fix the bulb at a definite depth, 
the whole length of the mercury in the bulb lying horizontally at the depth 
at which the temperature has to be measured. It is also convenient to take 
the temperature readings from the scale attached to the outer tube surround- 
ing the slender stem, as the stem is inclined to the vertical away from the 
observer. The thermometer reads correct to one-tenth of a degree Centi- 
grade. The soil thermometers were all compared with a standard thermo- 
meter before installation. Corrections, if any, were applied to the recorded 
observations. 

After installing the thermometers at the required depths, comparative 
observations were taken to verify that the temperatures at corresponding 
depths were similar. One of the plots (A plot) was kept as a permanent 
control plot and each of the remaining plots covered with thin layers of 
substances like chalk, charcoal powder and typical soils from different parts 
of India. The simultaneous observations were then continued in order to 
record the influence of the ‘ cover ’ on the temperatures of the soil layers 
below. 

Along with these experiments it was also arranged to measure the effects 
of surface wetting and of a cover of vegetation on the soil temperatures. 

2. Having ascertained the effect of cover, the effect of varying both the 
physical and chemical composioion of the soil was studied by using blocks of 
different soils measuring ^ ft. in length, 3i ft. in breadth and 1 ft. in depth. 
The iioil bloc^ were kept with their natural surfaces exposed in the first part 
of the experiment and, after comparative observations had proceeded for a 
sufficiently long time, all except the local ‘ control ’ plot were covered with 
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a thin layer of the local black cotton soil so as to eliminate the influence of the 
surface colour and retain only the variations due to the interior of the blocks 
of different soils. 


Experiments on the effect of soil cover 

The experiments carried out in order to study the effect of various soil 
covers are taken up for discussion in the order in which they veie carried 
out. 

Experiment 1: Effect of a thin cover of French chalk on soil temperatures 

The soil thermometers were installed in the standard plot A and in the 
experimental plot B, at depths of 0 cm., 5 cm., 10 cm., 15 cm., 20 cm. and 
30 cm. 

Two hourly observations were taken of the temperatures showm by the 
two sets of thermometers at the different depths, after the conditions in the 
soil layers in the two plots had become normal. It was thus ascertained that 
the temj/eratures of the different layers of the .soil in the two plots were similar. 
After the observations had been continued for a sufficient number of days, 
the plot B was covered with a thin layer (about 1 mm.) of Frencli chalk powder 
(white in colour) uniformly all over the surface, so that there was no patch 
of the local black cotton soil left bare and exposed to the sun. The plot A 
was left untreated and used as a permanent ‘ coiitrol ’ plot. 

The two hourly observations were continued as before. The white 
surface of the B plot reflected most of the solar radiation and absorbed very 
little solar radiation 'whereas the black surface of the standard A plot ab- 
sorbed about 85 per cent of the energy whicdi would be diffused by the white 
surface of chalk. Naturally, the temj>eratures at tlie different depths in the 
B plot were considerably lowered as com])ared to the (orresponding tem- 
peratures of the A plot. Of. course, these changes of temperature took place 
immediately at the surface but reached their full values only after two days 
at 10 cm. depth, and four days at 50 cm. depth. 

For a convenient discussion of these data, the observations were grouped 
in weeks according to the scheme given by Sir Napier Shaw, in his paper 
The Book of the Growers year. 

Table V gives the weekly average teiiiperalures of the A and B plots 
at the depths of 0, 5, 10, 15, 20 and 30 cm. and at the times OOOo hrs., 0800 
hrs., 1000 hrs., 1400 hrs., 1600 hrs. and 1800 hrs. 

During week No. 1 (25th to 31st of December 1933), both the A and B 
plots were in their natural untreated condition. It can be seen that the 
temperatures at different depths are very similar in both the plots at the 
different epochs during this week. At i700 hrs. on the 31st of December 
1933, plot B was covered wdth a very thin layer of French chalk powder. 
The lowering effect in the temperature of plot B was observed during the 
next three weeks when the chalk cover w-as retained, viz. — 

Week No. 2, Januaiy 1 to January 7, 1934, 

Week No. 3, January 8 to January 14, and 

' Week No. 4, January 15 to January 20. 
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The differences in temi)erature8 are relatively small in the morning but in the 
afternoon they show up very conspicuously. Thus the effect of the French 
chalk cover is to lower the temperatures at 6 a.m. by 1‘2°C, 2 *5°C, 2*5'"C, 
2* 6®C, 2* 3®C and 2-0®C at depths of 0, 5, 10, 15, 20 and 30 cms. respectively. 
The temperatures of the covered plot are lower^ by 18’2°C, 7*2°C, 4-7°C, 
3* 1°C, 2 • 3°C and 1 • 9°C respectively at 2 p.m. These lowerings in temperatures 
have been noted from the average temperatures during week No. 3, i.e. 
January 8 to 14, 1934, the second week after the cover of French chalk was 
applied. Similarly the lowerings in the temi)eratures at the various depths 
due to the white chalk cover may be noted at the different times of observa- 
tion. 

Figs. 3 (a) and 3 (6) are isopleths of the weekly mean temperatures at 
1400 hrs. (afternoon) in the control and chalk-covered plots respectively. 
The abscissae refer to the successive weeks and the ordinates refer to the 
depths below surface. The plots were similar during the first week. The 
very conspicuous lowering of the soil temperatures during the second, third 
and fourth weeks in the chalk covered plot is shown by the rapid approach 
of the isotherms towards the surface. 

The chalk powder was removed from the surface of the B plot at 1700 
hrs. on the 20th January 1934 after having remained for three successive 
weeks. It is interesting to note the gradual return of the isotherms in the 
treated plot to their normal values. It took more than a week after the re- 
moval of the chalk for the temperatures to equalize in the two plots. During 
the first week after the removal of the cover (January 21 to 28) the tem- 
peratures are still seen to be differing in value. But, in the next week (January 
29 to February 1) the temperatures are again more or less similar in the two 
plots. 



12 3466 12 3 456 

No. of week No. of week 

(^) 

Fio. S. Effect of a thin layer of chalk powder on weekly mean soil temperatures 
1400 hZE. I. S. T. (25-12-33 to 1-2-34). (a) Control ; (6) Chalk put on at the begin- 
ng of tlie 2iid week. Chalk xemoved at 1700 hrs. of 20-1-34 (end of 4th week). 
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Experiment 2 : Effect of a thin cover of charcoal powder on soli temperatures 

After the conditions in the B plot had become normal and the tem- 
peratures in both the plots had become similar, a thin cover of charcoal powder 
was laid on the surface of the B plot uniformly at sunset (1818 hrs.) on the 
1st of February, 1934. 

Table VI gives the weekly average temperatures at the maximum and 
minimum epochs, i.e. 0600 hrs. and 1400 hrs. at the various depths in the 
two plots. The dates corresponding to the different periods are as follows : — 


No. of period 

1 . 

2 . 

3 . 

4 . 

6 * . 

6 . 

7 


Hates 

29-1-34 to J-2.34 
2-2-34 to 11-2-34 
12-2-34 to 18-2-34 
19-2-34 to 26-2-34 
6-3-34 to 11-3-34 
12-3-34 to 18-3-34 
19-3-34 to 26-3-34 


♦ Observ^atioiis were not recorded during the period 26th February to 4th March 1934 . 


Evidently, the black charcoal cover should absorb moi*e solar radiation and 
consequently raise the temperatures in B plot. Since, however, the local 
Poona soil is also black, there is not much difference in the ‘ albedo ’ or 
colour effect of the soil and the cover (charcoal powder) used. Naturally, 
such large differenc^es of temperature as were obtained in the first exj>eriment 
with chalk cover cannot be expected in this experiment. All the same, a 
distinct rise in temperatures in plot B can be noticed. 


Table VI 


Effect of a thin cover of charcoal powder on soil temperatures in (Plot A : 
Control plot ; Plot B : Experimental plot to which the cover of charcoal 
powder ivas applied at 1818 hrs, sunset, on 1st February 1934 ; the cover 
was removed at 1700 hrs, on 18th March 1934) 
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Table Wl—eontd. 


No. 

of 

week 

Depth 

0600 hrs. 

1400 hrs. 

A 

B 

A 

B 

1' 



22-2 

21*9 

26*1 

261 

2 



22'3 

22*6 

27-3 

27-6 

3 



24*5 

25*0 

30*4 

30-5 

4 

► 

10 cm. 

24*5 

25*1 

30*2 

30*4 

5 



26*0 

25*7 

31*5 

31-7 

6 



25*5 

26*4 

31*8 

32*1 

7^ 


J 

28*2 

28*6 

34-8 

34-6 

r 



23*9 

23-7 

24-2 

24- 1 

2 



24*1 

24*4 

24*7 

25*2 

3 



26*2 

26*7 

27*1 

27-8 

4 

► 

15 cm. 

26*6 

27*0 

27*2 

27-9 

5 



27*1 

27*7 

27*7 

28*7 

6 



: 27*6 

28-3 

28*4 

29*3 

7, 

1 J 

1 29*8 

29*9 

30*8 

i 

31*2 

r 

1 

i 

1 24*6 

24*5 

j 1 

1 23*8 

23*9 

2 


24*7 

250 

! 24*0 

24*6 

3 


! 26*6 

27*2 

26-0 

1 27*0 

4 


20 cm. . > 

27*1 

27*7 

26*5 

1 27*3 

5 


27*6 i 

28*3 

27*1 

28*0 

6 



28*1 j 

28*9 

27*6 

28*6 

7^ 


J 

29*9 j 

i 

30*3 

29*6 

30*3 

n 



i 

25 0 i 

I 

25*0 j 

24*6 

24*5 

2 



25 0 j 

25*4 j 

24*7 

25*1 

3 



26-7 1 

27*3 j 

26*4 

27*0 

4 


30 cm. , V 

27-6 

281 

27 2 

27*8 

5 



27-9 1 

28*7 

27*7 

28*3 

6 



28-4 I 

29*1 

28*2 

28*8 

7J 



30 0 1 

30 3 

29*8 

30*0 


Thus, the effect of the cover of charcoal powder is to raise the tempera- 
tures in plot B at 6 a.m. by 0-6‘’C, 0-6°C, 0-7°C, 0-6°C,0-7°C and 0-8°C and 
at 2 p.m. by 2-6‘’C, 2-7“C, O ^^C, 10“C, 0-9°C and 0-6°C respectively at 
the depths of 0, 6, 10, 16, 20 and 30 cm. These differences are taken ^in 
the average temperatures during the week March 6 to 1 1, 1934, i.e. the fifth 
period after the charcoal cover was applied. The cover was carefully remov* 
ed at 1700 hrs. on the 18th of March 1934. The average temperatures during 
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the week after the removal of the cover are also given in Table VI against 
period No. 7. These are more or less similar. 

Experiment 3 : Effect of wetting the soil surface with water equivalent in amount 

to 114 in. of rain 

After the temperatures in plots A and B had attained normal values 
plot B was wetted with J in. rain equivalent of water sprinkled uniformly 
all over the surface at sunrise (0625 hrs.) on the 14th of April 1934. 

Table VII gives the observations recorded. After two observations at 
0600 and 0625 hrs., the plot was watered ; and then up to 8 a.m. observations 
were taken at intervals of 15 or 20 minutes ; from 8 am. to 10 a.m. half-hourly 
observations were taken and then at 1400, 1500, 1600, 1700 and 1800 hrs. 
on the 14th of April. From the 15th to 20th April the observations were 
recorded only at 0600, 0800, 1000, 1400, 1600 and 1800 hrs. 

The general effect of the watering is to lower the temperatures in the 
B plot considerably. 

At the surface, we can clearly see how the temperature of the control 
plot goes on rising after sunrise at the usual rapid rate, while that of the 
watei^ plot lags more and more. Whereas at 0640 hrs. the surface tempera- 
ture of plot B (21-5°C) is slightly higher than that of plot A (21’1®C), at 
0700 hrs. the temperature of A (22-4°C) is higher than that of B(21*2®C). 
At 1000 hrs., we find the surface temiierature of control plot (A) higher by 
15*8°C and at 1400 hrs. by 14‘6°C than the corresponding temperature of 
the watered plot (B). At 1600 hrs., in the evening, the difference is only 
5’8°C. The slower rate of rise and fall of temperatures in plot B is partly 
due to the increase of the specific heat of the soil due to the presence of water 
and partly due to the heat utilized for the evaporation which is taking place 
at the wet surface. 

On the 15th April, at the maximum temperature epoch, the surface 
temperature of plot B is 3-2°C lower than that of plot A, while on the 20th 
April the difference is only 0-8°C which is almost negligible. Thus after 
about a week, the lowering effect produced in the surface temperature of the 
plot B by watering, equivalent to | in. of rain, is no longer significant. 

The maximum difference between the temperature at 2 cm. depth in 
the two plots is noticed at 1400 hrs., viz. 11-7°C on the day of watering. 
On the next day at the same hour, the difference is 5*5°C while on the 20th 
April it is only 1 • 5°C. 

At the depth of 5 cm. the difference in the temppratures of the two plots 
is 4*8°C at 1400 hrs. and 5‘0‘’C at 1500 hrs. and 1600 hrs. on the date of 
wetting. On the next day, the difference at 1400 hrs. is 3*0°C. 

The lowerings in the temperatures at 2 p.m. at the depths of 10 cm., 
15 cm., and 20 cm. in plot B are 2*6°C, 1*0°C and 0-0®C on the 14th April 
and 2 5"C, 1-4°C and 0-4“C on the 15th April. Up to 6 p.m. on the day of 
watering the temperature at the depth of 20 cm. has not been in the least 
affected in the B plot, but at 6 a.m. the next day we see a fidl of 1°C in the 
temperature. We thus observe that the effect of cooling travels very slowly • 
it takes more than 12 hrs. to reach a depth of 20 cm. * 



Tabi-is VII 

Effect of Vfetting the etetfaee of the soil on soil tempemturee in °0. {Plot A : Control plot ; Plot B : 
mental plot of which the aurface was wetted with a quantity of water equivalent to ^ in. 
rain at 0625 hr*, sunrise on I4th April 1934) 
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40-7 I 88-8 42 8 ‘ 38-8 ^ 48*1 * 89*8 | t »-7 1 87-8 88-8 I 35-8 j 84 0 » 886 


Table vn 
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Experiment 4 : Effect of wetting the surface of the soil vnth loater equivalent 

in amount to | in. of rain 

After the soil temperatures in the two plots A (control) and B (experi- 
mental) had become more or less similar for a number of days the surface of 
the plot B was wetted uniformly with water equivalent to | in. of rain. From 
Table VIII it will be seen that the effect of wetting plot B on the morning 
of the 3rd May (6 a.m.) has been to depress the afternoon soil temperatures 
in that plot by 1M°C, 14*8°C, 10-7°C, 4-4'’C, 3*1°C, 2-0°C, 0-4°C and 
0*2°C at depths of 0, 0-6, 2, 6, 10, 16, 20 and 30 cm. respectively. The re- 
covery from the effect of wetting is perceptible even on the next day ; but 
it is only after the 6th May that the temperatures in the two plots become more 
or less equal. 


Table VIII 

Soil temperatures in °C in two plots A (control) and B (experimental) during 
the period 3rd to 6th May, 1934, showing the effect of wetting the surface 
of the plot B on the morning of 3rd May 1934 


Morning 6 a.m. 


Dates 

Depth cm. 

3-5-34 

4-534 

5534 

6-5-34 

A 

B 1 

1 

A 


A 

B 

A 

1 

B 

0 

22-8 

23 S 

21 -3 

20-2 

! 19-2 

18-5 

16-6 

17*1 

0-5 

24 0 

24-7 

22-4 

20-6 

20-6 

19-6 

18-5 

180 

2 

27*0 

27 0 

25 2 

230 

24 0 

23 0 

220 

21-5 

5 

29- 1 

29-4 

28-0 

25-9 

27 3 

260 

25-8 

25*2 

10 

31-6 

320 

30-4 

28*7 

, 30 '6 

29-8 

29-6 

29-0 

15 

33*2 

33 2 

32-7 

30-2 

, 32-5 

31-3 

32- 1 

31 *0 

20 

33*6 i 

33-8 

33-6 

320 

i 33 4 

320 

33- 1 i 

32*1 

30 

1 

33*8 

i 

33*8 

33*9 

32*9 

‘ 33*8 

32-8 

33-6 1 

1 

32*6 


Afternoon 2 p.m. 


Dates 

3-5 

34 

4-5 34 

5-5-34 

6-5-34 

A 

B 



A 

B 

A 

B 

0 

66*4 

55*3 

63*3 

59*8 

i 62*1 

60*0 

64*5 

63-6 

0-6 

61*0 

46*2 

57*8 

53*4 

56*5 

54*1 

59*8 

57*8 

2 

50*8 

40*1 

48*0 

42- 1 

46*4 

43*3 

49*2 

46*5 

5 

41*6 

37*2 

39*8 

36*1 

37*8 

37*5 

39*8 

39*6 

10 

36*9 

33*8 

36*0 

33*3 

35*3 

33*2 

35*6 

33-6 

15 

34*4 

32*4 

33*8 

31*7 

33*5 

31*6 

33*0 

31-5 

20 

33*3 

32*9 

33*2 

32*0 

! 33*0 

32*2 

32*4 

31-9 

30 

1 

33*5 

33*3 

33*6 

1 32*6 

1 

; 33*4 

1 

32*5 

33*1 

i 

32-4 
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KgB. 4 (o) and 4 (6) are the isopleths of daily temperatures at 1^0 hrs. 
in the control and surface-wetted plots respectively. The wetting was done 
at 6 a.m. on the third day. The sudden cooling communicated to the various 
soil layers is shown by the rapid approach of the isotherms towards the surface 
on the third day. The recovery from the effects of wetting was gradual and 
the temperatures had not yet equalized even on the 6th day. 



Fio. 4. Effect of watering the surface on daily soil temperature at 1400 hrs 
T. S. T. (1-6-34 to 6-6-34). {a/ Control ; (6) Surface moistened on 3-6-34. 


Experiment 5 : Effect of a cover of vegetation on soil temperatures 

After making a survey of the effects of changing the surface cover on soil 
temperatures as outlined in the preceding paragraphs, an attempt was made 
to study the effect of a cover of vegetation on the temperatures of the soil. 
The three plots A, B and C were used for this experiment. Plot A was used 
as ‘ control After comparative observations under similarc onditions had 
been made for some days, plot 0 was sown with ‘ aleev ’ on September, 
4th, 1936. Plot B was kept bare but received periodical watering to the 
same extent as plot C. The height of the ‘aleev’ crop was 24 cm. on the 11th 
of October, 28 cm. on the 19th of October, and 30 cm. on 4th of November. 
It was trimmed to 20 cm. on 17th of November. Table IX shows the weekly 
average temperatures at 0600 hrs. and 1400 hrs. at depths of 0, 2, 6, 10, 16 
and 20 cm. tor the following weeks : — 

Week No. Dates 

1 ..... . 22nd to 28th August 1936 

2 ..... • 20th to 26th November 1986 

3 27th November to 3rd December 1936 
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Table IX 

Morning arid afternoon average soil temperatures during three tveeks in Oie three 
piMs A, B, C, at different depths shounng the effect of a plant cover on the 
plot C, tile plot B being given the same amount of vxxler as the plot C and the 
plot A being left untreated as the standard control plot. Week 1 before 
treatment ; voeeks 2 and 3 after treatment 



Morning 0600 hrs. 

Afternoon 1400 hi-s. 

t 

Soil temperatures 

Soil temi^eratures ®C 

1 

1 


Plot 

i Plot 



receiving | 

, receiving 

Depth 1 No. 


equal ' Plant 

1 equal i Plant 

in of 

Control 

amount of i covered 

Control ' amount of covered 

cm. 1 week | 

plot 

watering “ plot 

plot ; watermg plot 



as 1 

i as i 

1 


plot C ; 

1 plot C 1 


A 

! B 1 C 

1 

ABC 
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During the first week when all the plots were similaT, the temperatures 
at all depths in the three plots were in agreement. The mean temperatures 
at the d^erent depths during weeks No. 2 and No. 3 clearly bring out the 
effects of the watering alone in B and of watering and crop cover in C. In 
the morning, soil temperatures in plot C in the layers near the surface are 
warmer than in plots A or B. This is due to the blanketing effects of the 
vegetative cover which keeps even the air layers inside the vegetation warmw 
than those outside over bare ground. In the afternoon, however, plot C is 
cooler than plot A by as much as 26-6°C, 10’6°C, 8*7°C, 6-6°C, and 

3* l^C at depths of 0, 2, 6, 10, 16 and 20 cm. The plot B is also cooler than 
plot A but is warmer than plot C in the afternoon. The conditions during 
week No. 3 are similar. The effect of a covering of vegetation in keeping 
down the temperatures during hours of insolation is well illustrated by these 
data. 


Experiments with soil blocks 


Experiment 1 : Black cotton soil (control), Trivandrum aand and Sdkrand soil 

bloc^ 

In the present section we shall deal with experiments with blocks of some 
typical soils. These experiments were started with soils from Trivandrum 
(sand), and Sakrand (alluvium). Pits 6^ ft. by 3| ft. and 1 ft. deep were 
dug, keeping the bottom of the pits horizontal. The vertical sides of the pits 
were supported with a lining of brick and cemented up. The lining of cement 
helps to prevent the seepage of water from the sides during rainy weather. 
These pits were carefully packed Avith the soils referred to above, the top 
surfaces of the different soil blocks so obtained being kept horizontal and at 
the same level as that of the ground in the neighbourhood. The sets of soU 
thermometers were then installed in these soil blocks and compared with those 
in the permanent control plot. The natural surfaces of the respective soil 
blocks were kept undisturbed during the first part of the experiment which 
extended from the 30th of April to 10th of May, 1936. The second part of 
the experiment was commenced on the 11th of May at 0800 hrs. when the 
blocks of Trivandrum sand and Sakrand soil were covered with a thin layer 
(2 mm.) of black cotton soil so as to equalize the surface colours and retain 
only the variation in the interior of the soils. The observations recorded 
during the first and the second part of the experiment have been averaged 
for the following periods both for 6 a.m. and 2 p.m. 

No. of Dates Remarks 

period 

1 SO April to 6 May 1936 '| 

^ 1st part of oxjjeriinent with each soil block having 

2 7 May to 10 May 1936 J its own ct>lour 


3 11 May to 20 May 1936 

4 21 May to 27 May 1936 

6 28 May to 3 June 1936 

6 4 June to 10 Jime 1936 


) 2nd part of experiment with all soils having a 
cover of black cotton soil 
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Table X gives the mean soil temperatwes at different depths for the 
above 6 peri<^8 at 6 a.m. and 2 p.ra. From the table it will be seen that 
during the first two periods before equalizing the covers the temperatures 
in the upper layers of Trivandrum sand are lower than those in the control 
both in the morning and evening. The surface temperature in the Sakrand 
soil is lower than that in the control but higher than that in the Trivandrum 
sand both in the morning and in the afternoon ; but below 10 cm. the tempera- 
tures are slightly warmer than in the other two soils. After equalizing the 
covers, i.e. during the periods 3 to 6 the temperatures in the sand and in the 
Sakrand soil begin to increase rapidly and approach those in the control. 
Sand being a poor conductor of heat, the afternoon temperature just below 
the surface is higher in it than in either the control or the Sakrand soil ; for 
the same reason the morning temperatures in the uppermost layers of the sand 
are lower than in the other two cases in spite of the colours having been 
eq^nalized. 

Table X 

Morning and afternoon average soil temperatures in °G in three soil blocks of 
Poona soil (control), Trivandrum sand and SaJcrand soil during six weeks- 
Weeks 1 and 2 show the temperatures in the blocks with their natural surface 
colours ; during weeks 3, 4, 5 and 6 a thin cover of Poona soil equalized all 
the surface colours 



0600 hours 

1400 hours 

No. of week 

1 Trivand- • Sakrcuid 

Trivand- \ Sakrand 

i 

1 

Control I rum sand soil 

Control rum sand soil 


A j D E 1 

1 1 

A D E 





0 cm. 



1 . . . 

21*9 

17-9 

20-3 

69-7 

! o8-l 

j 63*8 

2 . 

21-7 

191 

211 

68*1 

58-0 

! 64*6 

Thin ‘ covers * of Poona soil 

wore applied to plots E and D at 0800 hr?. (ll-5-1936)< 

3 . . . 

23*3 

20-3 

23-2 

68*9 

68-1 

66*6 

4 . . . 

24*9 

1 

24*6 

63*6 

64-3 

62*8 

5 . 

22-9 

20-5 

22-9 

51*8 

61-6 

60*9 

6 . . . 

21*5 i 

19-3 i 

21*7 

48-4 

45*8 

46*7 




2 cm. 



1 . 

26-7 i 

24*1 

24-4 

64-9 

63-8 

65-8 

2 . 

28-6 

24-7 

[ 26-3 

62- 1 

62*6 

64*9 

1 
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No. of week 

0600 hours 


1400 hours 


Control 

A 

Trivand- 
rum sand 

D 

Sakrand 

soil 

E 

Control 

A 

Trivand- 
rum sand 

D 

Sakrand 

soil 

E 

1 , , , 

Thin ‘ covers * of Poona soil were applied to plots D and E at 0800 hrs. (11-5-1936) 

3 . 

28*4 

26*1 

, 27*0 

51*6 

58*9 

66*8 

4 . 

29* 1 

27*4 

28-0 

49*1 

56*3 

53*9 

6 . 

261 

25*7 

24-9 

40*3 

46*0 

44*9 

6 . 

240 

24*4 

23*4 

36*2 

42*7 

41*6 




5 cm. 



1 . 

27*5 

26-6 

27*3 

48*6 

45*8 j 

48*8 

2 . . . 

28-5 

27*1 

28*0 

47*8 

45*8 1 

48*5 

Thin ‘ covers * of Poona soil were applied to plots D and E at 0800 hrs. ( 11-5-1936) 

3 . 

28-9 

28*8 

29*5 

46*3 

50 *0 

49-2 

4 . 

29*5 

29*3 

30*0 

44*1 

49*0 

47*8 

5 . 

26*1 

27*3 

26*9 

37*0 

40*6 

39*7 

6 . 

24*1 

26*1 

25*3 

32*6 

38*2 

37*3 




10 cm. 



1 . . . 

31-5 j 

29*2 i 

31*3 ! 

1 

38*1 

39*9 

40*0 

2 . 

32-2 1 

29-9 I 

31*9 1 

38*1 

39*7 

40*3 

Thin-* covers * of Poona soil were applied to plots D and K at 0800 hrs. (1 1-5-1936) 

3 . 

32*7 

1 

31*6 

32-7 j 

37*6 

42*7 

41*2 

4 . 

32*5 

31*8 

32-7 1 

36*8 

41*9 

40*7 

5 . . . ; 

30*1 

29*5 

29*8 

33*6 

36*6 

35*8 

6 . . . ; 

27*8 

28*0 

27*9 

30*5 

35*0 

34*3 




15 en 

1 . 



1 . . . 

33*3 

31*6 


34*0 

36- 1 


2 . 

33*8 

32*2 


34*4 

35*3 
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0600 hours 

1 

1 

1 


1400 h ours 


No, of week 

Control j 

1 

Trivand- 

Sakrand 


Trivemd- ^ 

Sakrand 



Tum sand 

soil 

Control 

rum sand 

soil 


A 

* D 

1 

! E 

A 

D 

i 

E 

1 i 

Thin * covers * of Poona soil were applied to plots D and E at 0800 hrs. (11-5-1936) 

3 . 

84 0 

34 0 


34*4 

37*7 

i 

4 , 

33>6 

34*0 


34*1 

37*3 


5 . 

31*9 

31*5 


32*0 

84*0 


6 . 

29*6 

29*8 


29*8 

32*5 1 

1 




20 cm. 



1 . 

33*3 

1 33*2 

1 

34-5 

33*0 

33*1 

33*9 

2 , 

33*7 

33*7 

34-9 

33*3 

33*4 

34*4 


Thin ‘ covers * of Poona soil were applied to plots D and E at 0800 hra. (11 -5-1936) 


3 . . 

33-8 

35*3 1 

35*8 

33*4 

36*1 

36*2 

4 . 

33 3 

36 3 1 

35*5 

33*0 

35*1 

35*1 

6 . 

32 1 

33*0 j 

33*2 I 

1 

31*8 

33*0 

32*9 

6 . 

29*9 

31*0 ■ 

31*1 

29*7 

31*4 

31*2 




30 cm. 



1 . 

33*3 

32*9 

33*9 

33*1 

32*7 

33*8 

i 

2 . 

33*7 

33*3 

34*3 

33*6 

33*2 

34*3 

Tliin * covers ’ of Poona soil were applied to plots D and E at 0800 hrs. (11-5-1936) 

3 . 

33*8 

34*6 

351 

33*6 

34*2 

34*9 

4 . 

33*3 

34*5 

350 

33*2 

34*3 

34*7 

6 . 

32*3 

33*6 

38-6 

32*1 

33*3 

33*3 

6 . 

30*1 

32*0 

31-9 

30*1 

31*7 



31*6 
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Experiment 2 : Black cotton aoU (control) and Bangalore (red) soil bloeke 

A similar experiment oomparing the temperature in the control plot 
and in a block of red soil firom Bangalore was started on the 9th of May 1936, 
as soon as a supply of the latter soil was received. The periods into which 
the 1st and 2nd parts of the experiment were divided were as follows : — 


No. of 
period 

Dates 

Kemarks 

1 

9 May to 15 May 

> let part of experiment with each soil block having 

2 

16 to 22 May . 

. J its own colour 

3 

23 to 29 May 

. l2nd part of experiment with Bangalore soil block having 
1 a cover of black cotton soil. 

4 

30 May to 6 June 

5 

6 to 12 June 

J 


Table XI gives the mean soil temperatures at different depths for the 
above 5 periods at 6 a.m. and 2 p.m. From the table it will be seen that during 
the first two periods before equalizing the covers the temperature at the 
surface of the Bangalore soil is lower than that of the control in the afternoon, 
but slightly greater than that of the control at lower depths. On appl3ring 
the cover of the local soil at the beginning of the 3rd week, the afternoon 
surface temperature becomes more or less similar to that in the control but 
lower depths become still warmer owing to the larger absorption of energy 
at the surface and its conduction downwards. The changes of temperature 
on covering with local soil in the case of Bangalore soil are not of course so 
conspicuous as in the case of Trivandrum sand in the previous experiment. 
Further work on these lines is in progress at the observatory. 

Table XI 

Morning and afternoon average soil temperatures in °0 in turn soil blocks of 
Poona soil (control) and Bangalore soil during five weeks, weeks 1 and 2 
show the temperatures in the bheks tvith their natural surface colours ; 
during weeks 3, 4 and 5 the surface colours are equalized in the blocks, a 
thin cover of Poona soil being applied to Bangalore soil block 


Week No. 

# 1 

1 

0600 hours 

1400 hours 

Control 

Bangalore 

soil 

Control 

1 

1 

1 Bangalore 
soil 

1 • • • • . 

0 cm. 

21-7 

221 

— 1 

1 69S 

66*3 

2 

24*9 

24-7 j 

66-6 

62*6 
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Table XI — canid. 


Week No. 

06001 

- T 
i 

Control 

lours 1 

Bangalore 
soil 1 

1400 

Control 

hours 

' Bangalore^ 
soil 

1 

Thin cover of Poona soil was applied at 1800 horn's on 22nd May 1936. 

3 

24-8 

25*1 

59-7 

60- 1 

4 

22-2 

22*6 

45-8 

45*4 

5 

21-3 

21*9 

63*6 

52*0 


5 cm. 




1 

28-6 

27*4 j 

47-4 

50* 1 

2 

29-3 

28-6 1 

45*4 

48*1 

Thin cover of Poona soil 

was applied at 1800 liours on 22nd May 

1936. 

3 

29-3 

28*8 

42-5 

47*5 

4 

24-7 

24*9 

33*7 

1 36*4 

6 

24-7 

25*4 

34*4 

40*5 


10 cm. 



1 

32-6 

31 0 

38 1 

, 43*0 

2 

32*6 

31*1 

37 1 

41-S 

Thin cover of Poona soil was applied at 1800 hours on 22nd May 1936. 

3 

32-2 

31-6 

36-4 

41*5 

4 

28-9 

27*6 1 

1 

31*7 

35*0 

6 

281 

27-7 i 

31*2 

37-8 


15 cm. 



1 

1 34*1 

34*0 

34*6 

36*6 

2 

i 33-9 

33*6 

34*3 

36*1 

Thin cover of Poona soil was applied at 1800 hours on 22nd May 1936. 

3 

33*5 

34*0 

33*7 

35*9 

4 • * a • • 

1 30-9 

30*3 

31*0 

32*4 

6 • • • • • 

1 29-8 

1 30*2 

30- 1 

33*4 
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WoA No. 

0600 hours 

1400 hours 

Control 

Bangalore 

soil 

Control 

Bangalore 

soil 


1 

20 cm. 



1 

33-9 

36*3 

33-6 

360 

2 

33-6 

34-8 

33-3 

34-5 

Thin cover of Poona soil was applied at 1800 hours on 22nd May 1936 

3 

33*2 

34-9 

32-9 

34-7 

4 

31‘3 

32 0 

30-9 

31-8 

6 

300 

31 -8 

29-8 

31 -9 


30 cm. 



1 

33-9 

36-7 

33*8 

34-9 

2 

33-6 

35 0 

33*4 

34-4 

Thin cover of Poona soil was applied at 1800 hours on 22nd May 1936. 

3 

33-3 i 

! 

35 '] 

331 

34-5 

4 

3lti 1 

32-9 

31-4 

32-4 

5 

30-1 1 

1 

32-4 

300 

320 


Thermal uiffusivity of the soil 


The well-known equation of thermal conductivity in a continuous medium 
like the soil is given by 


' dx 


P 


d% 

dt 


where K is the thermal conductivity, 6 is the temperature, x is the depth, 
p is the apparent density, c the specific heat and t the time. 

The equation may be written more simplv as 
dQ_j,d^e 
dt ~'''d^ • 



where k = 


- — = thermal 
pc 


diffusivity which is the change of temperatilre 


which would be produced in unit volume of the soil by the quantity of heat 
that fiowB in unit time through unit area of a layer of unit thi^kb**” having 
unit difference of temperatm^ between its faces, 
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The solution of the above equation for the case where the temperature 
at the surface of the soil undergoes a diurnal variation, which may be for sim- 
plicity represented by a sine ciurve, is given by 


— 2Tr X 

e=9„e“^ 


sin 2tt 



( 2 ) 


where y=time period of the wave, i.e., 24 hours aud A wave-length 
i.e. distance between points at which the maxima or minima of temperature 
occur simultaneously. By substituting the above solution in (1) wc can 
X* 

show that ^ so that 

T 


2jrr 

A 



(3) 


If we put 0o=the amplitude of the diurnal variation at depth a;=0, it is clear 
that the amplitude at a depth x is given by 


— ^ / . X 

6„ € V Tk 

Knowing the amplitudes of diurnal variation at two depths Xx and x.,, we have 
from the above relation 


=e — • • (4) 

02 ^ Th ' ^ ' 

Putting T —24 hours =86,400 seconds, and taking logarithms of the various 
quantities to the base 10, we have 


log ifc = 2 I log («! — — log (log 0i — log 02) I — 5 • 1640 . . (5) 


Knowing a:,, x^ and 0, and 0* we can easily calculate k, the difiFusivity of the 
soil at different intervals of depth. 


Fig. 6 shows the diurnal variation of soil temperature on a clear day, 
viz. 0600 hrs. of the 30th April to 0600 hrs. of the 1st May 193.5. at depths 
of 0, 2, 6, 10, 16 and 20 cms. below the surface. It will be noticed tliat besides 
the rapid decrease of the amplitude of the temperature wave with depth 
there is also a progressive lag in the epochs of maximum and minimum 
temperature. This is easily understood from equation (2). The maximum 

.9 / *._ 1 

temperature at a depth Zj is attained at time < 1 , when sin y ^ 


orwhere 2 tc ( — x)==( ^""+0 "" 

Similarly the maximum epoch at a depth will be attained at time tg, 
given by 2 7 C ( - |“)=( + 
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By subtraction we have 

2" (‘*y‘‘ - = 0 

SO that 

h ^ ^ == ^ 

x^—x^’ X V Tk “ V k 


We can thus find out k from the variation of the phase of the maximum or 
minimum temperature epochs, and put 

--(**“*»)* ( 6 ) 


*= 


4« 

or log &=3’83734-2 log (a:* — * 1 ) — 2 log (<»— <i) 
the logarithms being taken to the base 10. 


•(7). 



Fiq. 6. Diumal variation of soil temperature at 0, 2, 6, 10, 15 and 20 om. depMil 
from 0000 hrs. of 30-4-1936 to 0600 hre. of 1>5-10S6 
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For calculating k from the temperature curves, it is more oonyenient 
to use equation (6) as the amplitudes of the curves are much eaeier to deter- 
mine than the epochs of maximum and minimum temperatures. This diffi- 
culty increases with depth, as the curves become flatter and flatter. 

Variation of thermal diffwivity with depth in Poona soil 

Table XII gives the amplitudes of soil temperature and the times at 
which the maximum and minimum temperatures occur at difierent depths. 
The last two columns give the values of the thermal difiFusivity k calculated 
from the amplitudes and the values of K the thermal conductivity obtained 
by multiplying k by the product of the apparent density and the specific 
heat. The apparent density varies with depth as follows, but the specific 
heat has a constant value of 0-22. 

Depth (cm.) Apparent density 


0 




1 0 

5 




1-9 

10 




21 

15 

, 



2-3 

20 

. 



2 3 


The thermal conductivity is of the order of 0*0004 at the surface but 
increases to values lying between 0*0005 and 0*0007, at lower depths, owing 
to the increase of the apparent density at these depths. 


Table XII 


Dt^pth 

Amplitude 

Maximum 

temperature 

epoch 

Mmiinum 

teinix^rature 

ejKich 

DitTuai- 
vity k 
(calculated 
from 

amplitude) 

Conductivity 

K 

0 cm. 

' 

22-4 1 


0600 




1 



i 0-0011 

0-00037 

5 cm. 

9 2 

1500 

0700 




i 



0 0015 

0-00067 

10 cm. 

4*3 

1700 

0800 

1 

1 





0-0012 

, 0-00060 

15 cm. 

1-8 

201K» 

0930 


1 





; 0-0010 

0-00052 

20 cm. 

0-7 

2230 

1130 

i 



i 



1 




Seasonal variation of thermal diffnsivity 
We may now see how the thermal diflusivity of the soil at Poona varies 
with the season. The mean soil temperatures at different depths from 0 to 
50 cm. for different months during the jieriod April 1936 to March 1937 were 
computed for 0600 and 1400 hours which are the epochs of minimum and 
maximum soil t^uperatures respectively at the surface and for 0800 and 1700 
hours which are the epochs of minimiun and maximum soil temperatures 
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respectively at a depth of 10 cm. From these the diurnal ranges of soi* 
temperatures for the depths of 0 and 10 cm. were found and the mean therma 
diffusivity of the surface layer of the soil, 10 cm. in thickness, calculated. 
From the records of the Central Agricultural Meteorological Observatory, 
we know also the rainfall and mean moisture content of this surface layer. 
The values of diifusivity and of the rainfall and mean moisture content of the 
first 10 cm. of the soil are given in Table XIII. 

Table XIII 


Monthly variation of diffusivity {bettveen the depths of 0 and 10 cm). 


Month 

Rainfall in inches 

k 

Moisture content 
(per cent on dry 
basis) 

April 1936 

000 

0 0016 

7-6 

May 1936 

0-56 

0 0016 

7-5 

June 1936 

3-82 

0 0013 

120 

July 1936 

1 47 

0-0023 

26-0 

August 1936 

1-34 

0 0018 

130 

♦Se])tember 1936 

7-28 

0 0024 

250 

October 1936 

0-88 

0-0018 

15-0 

November 1936 

2*99 

0-(K)23 ! 

210 

December 1936 

0 00 

0 0013 

13-4 

January 1937 

0*00 

00013 1 

8*7 

Februaiy 1937 

0-00 

0 0015 

7-7 

March 1937 

0 00 

00016 1 

1 

6-3 


Moan k during the di'y season December to May : 0-001.5 
Mean k during the wet season .June to November : 0-0020 


During the months December to May there is practically no rainfall and 
the mean moisture content of the soil between the surface and 10 cm. depth 
lies between 6 and 13 per cent ; consequently the values of thermal difiusivity 
also are low, ranging between 0- 0013 to 0*0016. The mean diffusivity of the 
first 10 cm. of the soil during these six dry months of the year is 0* 0016. The 
monsoon sets in in June and the remaining six months of the year aare wet. 
The mean moisture content of the soil is seen to increase up to 26 per cent 
and the diffusivity from 0* 0013 to 0* 0024. The mean value of the diffusivity 
during these six wet months is 0*002. 



Ut] 


8TUDIBS ON SOIL TEMPERATURES 


386 


June has a rainfall of 3*82 in. and yet the value of the diffusivity is seen 
to be low (0*0013). But we note that the mean moisture content of the soil 
is also low during this month, viz. 12 per cent, the rainfall having occurred 
at the end of June. The heavy rainfall at the end of June and further rain- 
fall in July raise the value of the mean moisture content during July to 25 
per cent and the diffusivity is also seen to attain the high value of 0*0023 
during this month. In September and November again heavy rainfall is 
recorded, the moisture content of the soil rises in value, and the diffusivity 
is also seen to be high. 

We find therefore that in general the thermal diffusivity of the soil varies 
directly with its moisture content. This must be attributed to the fact that 
with increase of moisture, water fills the inter-space between the soil particles, 
driving away the air which has a low thermal diffusivity. 

Thermal diffusivity in relation to surface colour 

Table XIV gives the values of thermal diffusivity for the plots A, B, C, 
D and E during the week January, 8th to 14th, 1935, when all these plots of 
local Poona soil were exftosed to solar radiation with their natural surface 
colours. The plots A, B, C, D and E have tlie values of 0*0013, 0*0013, 
0*0014, 0*0012 and 0*0013 respectively. The table also gives the values 
of diffusivity for the plots as 0*0013, 0*0014, 0*0014, 0*0012 and 0*0012 
respectively during the week January, 29th to February, 4th, 1935, when 
the plots B, (’, D and E were exposed to solar heating with their surface 
colours changed by the covers of Trivandrum siind (white). Mekran soil (brown), 
Sakrand soil (ash-cx)loured) and Bangalore soil (red), the <*over.s having been 
applied at 07tM) hours on 24th of January 1935. Here we find that all the 
five plots consisting of the local Pot)na soil show about the same value of 
diffusivity whatever be the surface colour, showing that other conditions 
remaining the same mere change of albedo at the surface makes no alteration 
in the thermal conductivity in the soil below. 


Table XIV 


\Vt^‘k 

Plot 

k 



1 A 

0 0013 


i 


1 00013 

1935 — January H — 14 


r ^ 

0 0014 



D 

0-0012 


J 

E 

0-0013 



A 

0-0013 



B 

0-0014 

January 24th to February^ 4th 

j 

r c 

0-0014 



D 

0-0012 


J 

E 

0-0012 
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Variation of thermal diffuaivity with soil types 

Table XV gives the thermal difFusivity values for the local Poona soil, 
Trivandrum sand and Sakrand soil, both when the blocks of these soils 
were exposed to solar heating with their natural surface colours and when 
their surface colours were equalized by means of a thin cover of the Poona 
soil. 


Table XV 


Diffuaivity — (between the depths of 0 and 10 cm.) 


Soil 

Before 

surface 

treatment 

After the surface 
colours were 
equalized 


8 May 

1936 

Poona soil 

0 0014 

0*0011 

Trivandrum sand 

1 

0 0036 

1 

0 0032 

Sakrand soil 

i 00027 

0 0021 


; 2UMuyl93fi 

Powa soil 

0 0011 

0-0011 

Bangalore soil 

' 00035 

0-0031 


Poona soil, Trivandrum sand and Sakrand soil have the difFusivity 
values of 0*0014, 0*0036 and 0*0027 respectively in their natural condition ; 
and they do not show much difference after the surface treatment. 

The table also gives the difFusivity values of 0*0011 and 0*0035 for the 
Poona soil and Bangalore soil respectively before tlie soil blocks ^ceived the 
surface treatment. These values are also not affected by the change in the 
surface colour. 

Summary and conclusion 

The present paper begins with a description of Poona and its environs 
and climate (Section I). In the next section the various factors which control 
the thermal balance at the surface of the ground during the clear season are 
briefly mentioned. Some typical measurements of the intensity of the 
radiation from the sun and the sky, the all>edo factor which determines the 
fraction of the radiation actually absorl)ed by the soil surface, the heat transfer 
at the surface by conduction, convection and by radiative exchange in the 
infra-red region of the spectrum are briefly discussed in this section (Sec- 
tion II). 

Section III is devoted to an outline of the scheme of experiments dis- 
cussed later in the paper. In Section IV five experiments on the influence 
of surface ‘ covers ’ on soil temperatures are described. These experi- 
ments show how sensitive soil temperatures are to changes of colour or surface 
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wetness. In many investigations of plant physiologists and agriculturists 
it is often necessary to alter soil temperatures to suit the requirements of a 
crop. For example, in higher latitudes where the intensity of solar radiation 
is low it Ijocomes necessary to make the best use of the weak insolation. In 
Soviet Russia, for example, the method of covering the soil surface with char- 
coal powder or coal dust is reported to have been tried with success for making 
the soil temperatures sufficiently high to sustain a cotton crop. In the hot 
Indian summer we may often have to keep dowm soil temperatures to save 
plants during a droughty period. The use of a thin layer of a w bite substance 
like chalk is obvious in such circumstances. The control of soil temperatures 
by altering the soil cover will be |X)ssible only for depths uj) to oO cm. or so, 
as the changes occurring at the surface decrease rapidly with depth. 

Section is devoted to experiments with blocks of different soils which 
show how the influen(;e of the surface colour may be eliminated by covering 
all the soils w ith a thin layer of Poona soil. 

The diurnal variations of soil temperatures, the thermal diffusivity of 
the various soils used in the previous experimemts, and tlu* seasonal variation 
of the thermal dilfusivity of Poona soil are discussed in Section VI. It is 
show'll that the diffusivity i.s not influenced by the surf ice treatments but 
increases when the moisture eontent of the interior of the soil is increased 
during the wet season. 

The investigations discussed in the ]>resc‘nt paper were conducted under 
the guidance of Dr L. A. Ramdas, Agriiailtural Meteorologist, Meteorological 
Office, Poona. The prosemt writer is grateful to Dr L. A. Hamdas for the 
suggestion of the problem and to Dr (\ \V. B. Xormand. Direi tor-t^eneral 
of Observatories, for tlie facilities given for tlie work at the Meteorological 
Office. Poona. 
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FIELD EXPERIMENTS ON SUGARCANE 

BY 

B. P. VAGHOLKAR, L.Ag. (Bom.) 

Principal Agricultural Officer, Sugarcane Research Scheme for Deccan Padegcum 

V. N. APTE, B.Ag. (Bom.) 

Superintendent, Padegaon Farm 

AND 

S. SUBRAMONTA IYER, M.A., F. S. S. 

Statistical Assistant, Imperial Council of Agricultural Research 
(Receiveti for fniblication on 19 December 1939) 

Introdttction 

S INCE the inception of the Sugarcane Research Scheme at Padegaon, financ- 
ed by Imperial Council of Agricultural Research, experiments have been 
laid down on modern lines of field teehniipie propounded by Dr. Fisher. To 
suit the local conditions, an experimental gross ))lot size of 54 • 45 ft. K 32 ft. 4 
cents (4/100 acre) was considered convenient for exjieiiments in this farm. 
This plot size covered eight rows of cane 4 ft. apart and omitting one row" on 
either side of the plot for border cflbct, and 4*5 ft. on either end a net plot of 
2*5 cents (i.e. l/40th of an acre) Avas obtained. The |)lant population varied 
from 600 to 1000 in this unit plot-size depending on the variety. The main 
conditions of soil and growing of the cro{) in this ai-ea is as follows, which differ 
from conditions of dry crop in Noiihern India : — 

(i) Topograj)hy, — The soil is extremely undulating and is found to have a 
gradient varying from 1 in 100 to 1 in 300 on both sides w^hich is not found in 
the United Provinces or Bihar wiiere gradients are 1 in 1 ,000 to 2,000. 

{2) Cane growing . — C?ane is required to be irrigated throughout the year at 
intervals of ten days and hence cane is planted 4 ft. apart. Regular and even 
distribution of irrigation water is important for this crop. 

After one year's experience with the above plot size, the distribution of w'ater 
with varying gradients in the farm w as found to be regular and as a result crop 
^owth was also found perfectly uniform. The uniform growth of the crop 
in a plot resulting from even distribution of irrigation water removed one cause 
of variability and gave satisfactory results. 

Still it was thought necessary to conduct a special uniformity trial to 
have convincing proof about the soundness of the plot size already laid down 
and to see whether the plot size could not be further reduced, which informa- 
tion would be useful in laying out future experiments. 
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Material 


Two areas ‘ A ’ and ‘ B ’ were planted with Co 360 cane in the first week 
of March 1934. A short description of the two ph^ts showing the details of 
topography cultural operations, etc. is given below : — 



Block A 

Block B Remarks 

(1) Size 

E-W 192 ft.xS-N 263 -4 

E-\V 132 ft. y N-S 483 -4 1 


ft. oqiiiv'alent to J acre 

ft. equi\'alent to 1 acre ! 


4*6 gunihas 

18* 6 guilt has. j 

<2) Tojwgraphy 

Depth of soil 9 in. to 12 in. 

Depth of soil 9 in. to 12 in.j 


Depth of sub-soit 8 in. to 

Dentil of sub-soil 8 in. to ' 


9 in. 

9 in. 


Lower strata of j>orous 

Lower strata of porous 


mururn well drained 

murum well drained 

(3) Mothocl uncl«T 

j 


wliich cane was 

i 


grown : — 


i 

( 1 ) Time of 

: 7 March 1934 

5 Marcli 19.34 

planting 

! 


(2) Distance b€^t- 

4 feet .... 

4 feet 1 

woen rows 

i' 

! S 

(3) Seed rate . 

16,000 sets of three eye- 

lOJMK) Bf^ts of three eye- ^ 


buds each per acre. 

buds each per acre , ^ 

(4) Number of 

33 

1 35 1 g 

irrigations 


i 

(5) Manuring 

Farmyard manure at 25 

’ 

Farmyard man u re at ; 


carts jx'r licre appheil 

25 carts j)or aei\> ap])lied ! o 


on 19tii F(‘bruar>' 1934. 

on 17th Febriiarv 1934. ^ 


150 lb, of nitrogen was 

150 lb. of nitrog(*n was | 


a])piied as top tlroasuig 

applied as top-dn^ssuig ; 


, in the form sulphate of 

in the fonn of sulphate i 


arnmonivi and cak<‘ in 

of ammonia and cake j 


the usual Maiijri stand- i 

in the usual Manjri j 


' ard method. 

j standard method. j 

(6) Eartlung up 

\ 

The crop was hand we*e- 

The crop was hand 


dt*d and c’arthing up 

wtH‘ded ami earthine: up 


! WHS dont^ by a plough 

was dont' bv a plough on 


1 on 1st July 1934. 

2nd July 1934 

(7) Date of har- 

i The crop was cut in 8ti i(»8 

The crop was cut in strips 

vest. 

1 of 10 ft. from 2 1st Jan- 

of 10 ft. from 4th Febru- 


I uary 1936 to 26th Jan- ary 1935 to I2th Feb- 
j uary 1935. ruarj- 1935. 


(8) Yield in tons 35-97 per aero 


26 • 6 per acre 
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For purposes of this study after discarding guard rows all round, 32 rows 
each 240 feet long were taken from plot A, and 30 rows each 400 feet long from 
plot B. The rows were cut in sections of 10 feet length. Thus there were 768 
ultimate units (10 ft. X 4 ft.) from plot A and 1200 units (10 ft. X 4 ft.) from 
plot B. 

Statistical analysis 

The distribution of yields from unit plots from both the blocks were found 
to be nearly normal as the following constants show : — 

Plot A : gi -- _ O - 1059± 0-0839 
gg = 0-861 ±0-167 

Plot B: g^ = 0-064 ± 0-068 

g2 ^ —0-050 ± 0-137 

The 768 units of plot ‘ A ’ were grouped to give plots one row, two rows, 

four rows and eight rows wide and 10 ft., 20 ft., 30 ft., 40 ft., 60 ft., 80 ft. and 
120 ft. long. The plots so formed were then grouped together to form four plot 
and eight plot (see below) blocks in different ways. 

In the case of 1,200 units of plot B, the unit plots were groujied to give 
plots one row, two rows, three rows, five rows, six rows and ten rows wide and 
10 ft., 20 ft., 40 ft., 50 ft., 80 ft. and 100 ft. long. Blocks were now formed by 
taking five plots together across rows and along rows. 

In all cases the usual method of analysis of variance was adopted to 
remove the variation between blocks and thence to calculate the percentage 
standard error per plot for the ])articular case (considered. In almost all cases 
there was an appreciable reduction in the variance by this process of elimina- 
tion of major soil differences. 

Table I gives the percentage standard error per j>loi (coefficient of varia- 
tion) for both the fields for the different kinds of blocks. For field A, four 
types of blocks have been (considered, viz four-plot bkx-ks across rows (i.e. ‘'the 
plots lying in a line at right angles to the direction of the rows), four plot blocks 
(in a line) along the direction of rows, four- plot blocks in two rows (compact), 
and eight plot blocks (compact only). In the last case the blocks have been 
taken in as compact a form as possible. 


4 -plot blocks 
across rows 



4- plot blocks 

along rows 



4 -plot blocks 
compact 


Diagram showing type.s of blocks. 
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For field B, five-plot blocks have been taken along rows and across rows 

As has been found usual in similar analyses with other crops as well as 
sugarcane (for a fairly complete biblio^aphy on uniformity trial data see 
Cochran [1937] and in addition Hutchinson and Panse [1935] and Macdonald 
et cU [1939]), there is a gradual decrease in the values of the percentage error 
per plot by an increase either in the length of the rows or by the inclusion of 
greater number of rows (i.e. by increasing the width of the plot). It is seen 
that the reduction in variation is more rapid by increasing the length of rows. 
There is also a definite advantage in the inclusion of greater number of rows 
per plot up to say between four and eight rows. In the latter case it is however 
evident that there is no proportionate gain in precision ; for instance in 
doubling the size of plot from four rows to eight rows, the precision is not 
increased two-fold. These tables indicate that the usual plot size adopted at 
the station (vide introduction) is quite satisfactory from the point of view of 
precision, and any reduction in the size would diminish the accuracy of the 
comparisons. 

As regards the method of formation of blocks for removing major differ- 
ences in soil fertility, these tables show that in the case of .small plots there is 
very little to choose as to whether the blocks should be taken across rows, 
along rows or compact. In the case of bigger plots (of the type usually adopted 
in field experiments) there seems to be a slight advantage in taking" the plots 
across the direction of rows. In field B however, five plot blocks along the 
direction of rows appeared better than atToss the rows. 

There is also very little difference in the standard of accuracy by having 
eight plot blocks or four plot blocks as far as the present data are concerned. 

In Table II plots of the same shape (i.e. length : breadth ratio) are group- 
ed together and in Table III plots of the same size, but of difterent shapes. 
For any particular shape, the bigger the plot, the less the variation within the 
limits studied in this paper. 

Table HI shows that contrary to the usual, amongst plots of a given size 
up to about 1/90 acre, the longer plots appear to vary more than the shorter 
plots, and also when the plots are widened by increasing the number of rows 
(the width being greater than the length) the variation is as high as in the ease 
of long plots. When the plot size is greater than 1, 90 acre, the longer plots, 
in general, show' less variation than the shorter plots. As the usual experi- 
mental plots fall w'ithin this range, the conclusion that fairly long plots are 
preferable to square plots seems to be supported by the present data. There 
seems to be also no advantage in having a large number of short rows per plot 
for sugarcane field experiments, i.e. for a given plot shape it is seen that it is 
more advantageous to have the longer dimension of the plot along the direction 
of rows than across. Similar results were obtained by Hutchinson and Panse 
[1936] working writh Malvi mass-selected cotton data at Indore. 

Table IV gives the number of replications and area of land required to 
give a standard error of 2 per cent of the mean. This means that differences 
of over 6 per cent of the mean can be taken to be significant (P = 0-05). 
^e number of replications and area of land required is of course dependent 
on the standard of accuracy required. When a smaller degree of accuracy is 
sufficient (say differences of 12 per cent of the mean), standard error has 
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only to be 4 per cent of the mean and the number of replications will be half 
of what it is in Table IV. 

A comparison of Tables IV A and iV B shows that the standard error 
and consequently the number of replications and area of land required for a 
given degree of accuracy are largely dej)endent on tlie amount of heterogeneity 
present. Field B as a whole shows greater variation for the wliole range of 
plot sizes considered and hence the number of replications is also found to be 
comparatively high. 

Efficiency per unit area of land 

Table V gives the relative efficiencies of plots in the use of land. The usual 
method has been employed in the cahmlation of these figures. The efficiency 
of a particular plot has been obtained by multi])lying the ])ercentago variance 
per plot by the number of units used to make up the plot (‘ unit ’ referring to 
the smallest plot size used in the present data), and taking the reciprocal. 
The smaller plots are seen to be comparatively more efficient than bigger plots 
although from the point of view of agricultural convenience no one would lay 
out experiments with too small plots. From fu'ld A, (four plot blocks) it will 
be seen that two-row plots 60 ft. to HO ft. long are almost as efficient as the 
smallest-sized plots. When blocks are taken across rows, plots of 80 ft. length 
and eight rows width also seem to be quite efficient. With eight plot blocks, 
however there seems to be no advantage in iiuTeasing the number of rows j)er 
plot beyond four. Here also the optimum length of rows appears to be (H) 
to 80 ft. which is somewhat longer than the usual plot length. On the basis 
of these figures also it appears that the usual plot size adopted in this station is 
fairly satisfactory. 

Field B shows that with five plot blocks the efti('iencie.s of the bigger-sized 
plots are comparatively very much lower. As a matter of fact, in this area 
five plot blocks and ten plot blocks on the whole gave much higher standard 
errors as compared to blocks with tw^o , four etc. plots. To study the influence 
of increasing the size of block, keeping the same plot size, standard errors 
were calculated separately for plot of size 40 ft. x 20 ft. and the results are 
given below : — 


Number of 

per et'iit 

plots 

vStmuiard 

per block 

eiTor 

2 . 

11 -SS 

3 . 

1110 

4 . 


6 . 

17*08 

6 . 

12*25 

10 . 

16*48 

12 

12*72 


This shows that for some particular numbers of plots per block, the precision 
may be high, the optimum number deqiending on tlic nature of the field itself. 
In this field, there is very little difl'cronce between two, three or four })l(>t 
blocks or even six or twelve plot blocks. Only five or ten plot blocks apjxjar 
to show higher variation. This is an interesting conclusion, especially as the 
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number of plots per block has nfRumod a no-w importance with the advent of 
the ‘ incomplele block sysiomp of lay-out ’ the quasi -factorial as well as the 
symmetrical types. 

Summary 

The results of a uniformity trial on sugarcane conducted in two fields at 
Padegaon have been studied mainly with a view to examine the satisfactoriness 
of the usual plot size and shape adopted at the station, viz. (.54*44 ft. x 32 ft.) 
(eight rows 4 ft. apart) and it is found that under the conditions prevailing here, 
there seems to be no need for any appreciable change. 

2. When the jdot size is greater than 1/90 acre, in general, the longer plots 
show less variation than shorter plots. That fairly long plots aie preferable 
to square plots is thus shown by the present data. 

3. When four plot blocks are considered, it is found that two-row plots 
60 ft. to 80 ft. long are almost as efficient as the smallest sized plots. When 
blocks are taken across rows, plots of 80 ft. length and eight rows width also 
heem quite efficient. 

4. With eight plot block.s there appears to be no advantage in increasing 
the number of rows per plot beyond four. 

^ 6. It is also seen that there nee<l be no restriction in the number of plots 

per block which might vary from two up to twelve depending upon the experi- 
mental treatments. 
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Table I 

Standard errors per cent for plots of d'fferent sizes and hap is 


Bow lengths in 

Number of rows 

1 

2 

! 4 

! 

8 


Field A, — 4 -plot blocks ctcross rows 


10 

26 00 

18-13 

1513 

12*44 

20 

19-63 

12-94 

9-59 

7-66 

30 

17-04 

12-05 

9-00 

6-29 

40 

16-92 

11-18 

7-18 

‘6-26 

60 

12-11 

! 7-90 

6-33 

5-24 

80 

9-76 

6-66 

5-69 

3-40 

120 

9-16 

6-27 

4-85 



Field A, — 4 -plot blocks along 

rouis 


10 

25-64 

18-59 

15-34 

12-28 

20 

19-65 

13-37 

9-90 

7-46 

30 

17-09 

12-14 

9-25 

6-43 

60 

12-05 

9-01 

7-21 

6-67 


1 

Field A, — 4 -plot blocks compn 

ct 


10 ; 

27-22 

18-54 

15-26 

12-67 

20 

19-58 

13-05 

9-24 

7-38 

30 

17-62 

12-11 

8-91 

6*43 

40 

16-19 

12-11 

7-27 

0-01 

60 

1215 

8-27 I 

6-33 

5-43 

120 

9-83 

7-16 

6-01 
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Table 

I — contd. 





Number of rows 



Row lengths in feet 

1 1 

2 

4 

8 


Field A, — 8-ploi blocks compact 



10 

27 02 

18 52 ; 

14-96 

10-40 

20 { 

19-38 

12-96 i 

9-75 

8*05 

30 

17-22 1 

1 

12-05 

9-12 

1 6-76 

40 

15-48 

9-67 

7-88 

6-74 

60 

12-04 • 

8-27 

6-68 

6-69 

80 

9-61 

7-42 

5-74 


120 

9-04 I 

6-63 

5-11 

I 


„ , 1 . 1 . 1 ' Number of rows h 

Row lengths ® 

in feet i 



1 1 

J L 

2 

3 

5 

5 ! 

10 


Field B. — 5-plol blooks across rotes 



10 

3. *44 

23-55 ! 

1 

24-10 1 

! 

16-83 

15-17 

12-57 

20 

27-98 

18-82 

16-51 j 

13-65 

12-22 

10-25 

40 

i 24 24 

1 ; 

19-30 

1 

18-28 j 

17-08 

15-76 

15-40 

50 

! ■■ 1 

1 

i 

i 

♦15-79 


*15-04 

80 

i 21-41 j 

16-89 j 

15-88 { 

14-97 , 

14-30 ; 

13-81 

100 . 

! i 

• « A 

1 

( 

1 

*15-05 1 

' 

*14-32 


10 j 

Field B.— 

36-20 

o-plot blocks along rotm 

24-13 1 24 12 

! 


12-30 

20 

29-19 

18-95 

1 16-37 


11 81 

40 

21-38 

16-20 

12-88 


9-34 

50 

20-20 

13-62 

11-55 

t8-50 

8-88 

80 

18-05 ; 

12-03 

10*57 , 

1 


8-38 

100 

16-01 . 

i 

10*88 

8*65 

tl4-8l 

7-07 


♦ 4>plot Blocks (across). 
t4-plot Blocks (compact). 
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Table II-A 

(Field A) 


8'andard errors per cent of plots of different sizes arranged according to shape 


Plot shape 
(length : 
breadth) 

Plot size 
(acre) 

across rows 

4-plot block 

along rows 

1 

compact 

8-plot 

blocks 

2*5:1 

1/1089 

26*00 

26-64 

27*22 

27*02 


1/272 

12*94 

13-37 

13-06 

12*96 


1/68 

7*18 


7*27 

7*88 


1/17 

3*40 




5 : 1 

1/644 

19*53 

19*66 

19*68 

19*38 


1/36 

11*18 

, , 

12*11 

9*67 


1/34 

6-69 



6*74 

7*6:1 

1/363 

17*04 

17*09 

17*62 

17*22 


1/90 

7*90 

9-01 

8-27 

8*27 


1/22 

4*85 

• . 

6*01 

6*11 

10: 1 

1/272 

16*92 


16*19 

16*48 


1/68 

6*66 



7*42 

16: 1 

1/181 

12*11 

12-06 ; 

12*16 

12*04 


1/46 

6*27 


7*16 

6*63 

20; 1 

1/36 

9*76 



9*61 

30: 1 

1/91 

9*16 

i 

9*83 

9-04 

1*26:1 

1/644 

18*13 

18*69 

18-64 

18*62 


1/136 

9*69 

9*90 

9*24 

9*75 


1/34 

6*26 


6-01 

6-74 

3*76: 1 

1/181 

12*06 

12*14 

12*11 ! 

12*05 


1/46 

6 33 

7*21 

6*33 

6*68 


1/11 





•626: 1 

1/272 

16*13 

16*34 

16*26 

14*96 


1/68 

7*66 

7*46 , 

7*38 

t 

1 

8*60 

1*876 : 1 

1/90 

9*00 

9*25 

8*91 

9*12 


1/22 

6*24 

6*67 

1 

6*43 j 

6*59 

•3125 : 1 

1/136 

12*44 

1 

12-28 ; 

j 

12*67 

10*40 

0376 : 1 

1/46 

6*29 

6-43 i 

1 

(5*43 

(5*76 
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Tabuk II-B 

(Field B) 

Standard errors per cent of plots of different sizes arrarujed according to shape 


Plot Hliape 
(length ; breadth) 

Plot size 1 - 

(acre) ! 

5- plot blocks 

across along 

25: 1 

1/109 j 


16-01 

20: 1 

1/136 i 

21-41 

18-05 

12*5: 1 

1/218 ! 


20-20 

10: 1 

1/272 

24-24 

21-38 


1/68 

16-89 

12-03 

5 : 1 

1/644 

27-29 

29-19 


1/1.36 

19 30 

16-20 


1/22 

•1606 

tl4-81 

2-6: 1 

1/1089 

34-44 

36-20 


1/272 

18*82 

18-95 


1/44 

•15-79 

t8-60 


1/11 

*14-31 


1-25 : I 

1/644 

23 -.65 

24-13 


1/22 

*16 04 


fi-26 : I 

1/109 


13-62 

12-6 : J 

1/54 


10-88 

• 5 : 1 

1/218 

16-83 

• « 


1/105 

10-25 

• • 

.25: 1 

1/109 

12-57 

. . 

.83 : 1 

1/363 

24-10 

24-12 


1/90 

12-22 

11-81 

1*7 : I 

1/181 

16-51 

16-37 


1/45 

15-76 

9-34 

3-3 

I 1/90 

18 28 

12-88 


1/22 

14-30 

8-38 

4-2 : 1 

1/73 


11-65 


1/18 


7-07 

6*7 :1 

1/45 

16-88 

10-57 

8-3 : 1 

1/36 

; 

8-65 

1 : 1 

1/109 

13-66 



1/27 

15-40 1 


2 ; 1 

1/64 

17-08 1 



1/13 

13-81 


1 . 1 

1/27 

14-97 

t 

i 

2 : 1 

' 1/36 ; 

. . 

8*88 

4 : 1 

1/181 i 

15-17 

12-30 


*4-p)ot' blocks (across). t A-plot blocks (compact). 


ddd tHfi INDIAN jODfeNAL OF AOBIcOLtURAL SCl8NCfi {X 

Table III-A 
{FieW A) 


Standard, errors per cent of plok of different shapes ai rented according to s'ze 


Plot size 

Plot shape 
(length : 
breadth) 

1 

across rows 

4-plot blocks 

along rows 

compact 

8-plot 

blocks 

1/1089 

2 6: 1 

1 

26 00 

1 

26*64 

27*22 

27-02 

1/644 

6 : 1 

1 19*63 

19*66 

19*68 

19-38 


1*26: 1 

18*13 

18*69 

18*64 

1 

18-62 

1/^63 

7-5 : 1 

' 17 04 

1709 

17-62 

17 22 

1/272 

10: 1 

j 16 •92 

.. 

16*19 

16*48 

2 6: 1 

1 12 94 

13 37 

13*04 

12*96 


•626 : 1 

15 13 

16 34 

16 26 

14*96 

1/181 

15 : 1 

12 11 

12*06 

12*16 

12*04 

3-75 ; 1 

12*06 

12*14 

12*11 

12*06 

1/136 

20: 1 

1 9*76 



9*61 


6 : 1 

11*18 


12*11 

9-67 


1-26 : 1 

9 59 

9-90 

9*24 

9*75 


•3126 : 1 

12 44 

12*28 

12*67 

10*40 

1/90 

30: 1 

915 

1 . . 1 

9-83 

1 9*04 

7-5 : 1 

7*90 

9*01 1 

1 8-27 

1 8*27 


1*875 : 1 

9 00 

9*25 i 

' 8-91 

1 9*12 

1/68 

10 : 1 

6*66 

1 .. j 

I 

7*42 


2-5 : 1 

7*18 

1 * • i 

i 7*27 

7*88 


•626 : 1 

7*66 

1 

j 7*46 i 

j 

7*38 

1 

8*50 

1/46 

16 : 1 

1 6*27 

i 

! 

7*16 ! 

6*63 


3-76: 1 

6 33 

j 7*21 

6*33 j 

6*68 


•9375 : 1 

6*29 

! 6*43 

6*43 ; 

! 

6*76 

1/34 

6: 1 

6*69 ! 


j 

6*74 


1*26 : 1 

6*26 


6*01 

16*74 

1/22 

7*6: 1 

4*86 


6*01 

6*11 


1-876: 1 

6*24 

6*67 

5*43 

6*69 

1/17 

2-6:1 

3*40 




1/11 ! 

! 

3*75: 1 

•• 


• 
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Table III-B 
(FieM B) 

Standard errors per cent of plots of different shapejf arranged according to size 


I 


1 

Plot size (acre) | 

Plot shape 
(length : 
breadth) 

5-plot 

__ 

across rows 

blocks 

along rows 

1/10K9 I 

2-5; 1 

34 44 

30*20 

1/544 

5 : 1 

27*98 

29*19 

I 

1*25 : 1 

23*55 

24*13 

1/363 

•83 : 1 

24 10 

24 12 

1/272 

10 : 1 

24 • 24 

21-38 

2 5 : 1 

18*82 

18-95 

I/2I8 

12 5 : 1 


20*20 

' 

0-5 : 1 

16-83 


I'ISi 

1*7:1 

10-51 

! 10*37 


•4 : 1 

15 17 

' 12*30 

1/130 

20 : I 

21*41 

18 05 

5 : 1 

19 30 

16 20 

I lf>9 

25 : 1 


16*01 


6 • 25 : 1 


1 3 • 62 


1 : 1 

1 3 * 05 



•25 : 1 

12*57 


1/105 

0 5 : 1 

10 25 


U90 

3 3:1 

18 28 

12 88 


0 83 : 1 

12 22 

11 *81 

P73 

4 2 : I 


1 1 55 

1/68 

10: I 

10-89 

12*03 

1/54 

12 5 : 1 


10-88 


2 : 1 

17*08 


1/45 

6*7 : 1 

15*88 

10-57 


17:1 

15*70 

9-34 


2*5 : 1 

*15 79 

t8-50 

U36 

8 3:1 


8 65 


2*1:1 


8 - 88 

1/27 

4:1 

14 97 



1 ; 1 

15*40 


1/22 

6 : 1 

*15 05 

tl4*81 

3 3 : 1 

14 30 

8*38 


1 *25 : 1 

*15*04 


1/18 

4*2 : 1 


7-07 

1/13 

2 : 1 

13*81 


. 1/H ' 

2*5:1 

*14*31 



♦ 4-plot blocks (across).. 1 4-plpt blocks (compact). 
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Table IV-A 
(Field A) 

Number of replicalums and area of land required to give a standard error of 2 per 

cent of the mean 


Plot size 
(acre) 

1 

I’lot 

Bhupo 

(length : 
breadth) 

Number of replications (4-Plot 
Blocks) 

8-plot 

blocks. 

Total area (4-plot blocks) 

8 -plot 
blocks 

Across 

rows 

1 

Along 

rows 

(’ompact 

Across 

rows 

Along 

rows 

Compact 

1/J089 

2-5 :1 

169 

164 

185 

169 

0 62 

0*60 

0-68 

1-24 

1/544 

5 : 1 

95 

07 

96 

04 

0-70 

0-71 

0-70 

1-.38 


1-25 :1 

81 

86 

86 

80 

0-69 

0 63 

0-63 

1-26 

1/863 

7*5 : 1 

73 

73 

77 

74 

0 80 

0-80 

0-85 

1-63 

1/272 

10 : 1 

63 

... 

66 

60 

0 0.3 


0 97 

1 76 


2 5 : 1 

42 

45 

43 

42 

0 62 

0-66 

0-63 

1-23 


•625 ; 1 

57 

59 

68 

5 » 

0-84 

( 

0 87 

(»*85 

1-65 

1/181 

15: 1 

37 

36 

37 

36 

1 

: ()'82 

0‘7'> 

0 82 

1 • 51) 


3-75 : 1 

36 

37 j 

37 

36 

1 0 79 

0 82 

0 82 

1-59 

1/136 

20 ; 1 

24 


j 

23 

1 

0 71 



1 35 


6 : 1 

31 


I 37 

23 

0-91 


1 -00 

1-.35 


1-25 : 1 

23 

25 

21 

24 

0-68 

0 • 7.3 

0 • 02 

1 -41 


•3125:1 

39 

38 

i 

i 

27 

1 15 

1 J2 

J-18 

1-59 

1/90 

30 : 1 

21 


1 21 

20 j 

0 93 


1 07 

i 

1 78 


7'5 :l 

16 

20 

17 

17 1 

0-71 

o ’ 89 

0 • . 5 

1 -51 


1-875 : 1 

20 

21 

1 20 

I 

21 

0 89 

0 9:i 

1 0 89 

1-87 

1/68 

10 :l 

11 



1 

14 i 

0-65 



J -65 


2-5 : 1 

13 


i 

15 ! 

0-76 


0-70 

1-76 


• 626 ; 1 

14 

14 

14 

1 

18 ! 

0 82 

0 82 

0-82 

2-12 

1/45 

15 :l 

10 1 


13 

11 

0-89 


1*15 

1-95 


3-75 : 1 

10 

ii 

10 

11 

0-89 

1-15 

0'8l) 

1-95 


•9376:1 

10 

10 

10 

11 

0-89 

0 89 

0-89 

1-95 

1/34 

5 : 1 

8 



8 

0-94 



1-88 


1-25 :1 

10 


9 

11 

1-18 


l’-’06 

2-69 

1/22 ; 

7-6 : i 

6 


6 

6 

1-09 


1 09 

2-18 

i 

1 -875 : 1 

7 

8 

7 

8 

1-27 

1-45 

1-27 

2-01 

1/17 

2-5 :1 

3 



... 

0-71 

... 

I 


1/11 

3*75 :1 

1 

... 

... 

... 

... 

1 

1 

i 


1 

... i 

. - 
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Table IV-B 
{Field B) 

Number of replicafions and area of land required to give a standard error of 2 per 

cent of the mean 

1 Number of replications | m i i 

Plot size j Plot shape (6-plot blocks) Total area 

(acre; 

(jengtn : 
breadth) 

Across rows 

Along rows 

Across rows 

Along rows 

1/1089 

2-6 

1 

296 

328 

1 

•36 

1 

•50 

1/644 

5 

1 

196 

213 

1 

•80 

1 

•96 

1-26 

1 

139 

145 

1 

•28 

1 

33 

1/363 

0*83 

1 

145 

145 

2 

•00 

2 

•00 

1/272 

10 

1 

147 

114 

2 

•70 

2 

•09 

2-5 

1 

88 

90 

1 

•62 

1 

•66 

1/218 

12-6 

1 


102 



2 

•34 


0-5 

1 

7i 

. . 

1 

•63 



1/181 

1*7 

1 

68 

67 

1 

•88 

1 

•85 


0*4 

1 

57 

38 

1 

•67 

1 

•05 

1/136 

20 

1 

114 

81 

4 

•19 

2 

•98 


5 

1 

93 

66 

3 

42 

2 

•43 

1/109 

25 

1 

. , 

64 



2 

•93 


625 

1 

, . 

46 


, 

2 

•11 


1 

1 

46 


2 

•11 




0-25 

1 

39 


1 

•79 



1/106 

0-5 

1 

26 


1 

•24 



1/90 

3 3 

1 

83 

41 

4 

■61 

2 

•28 


0-83 

I 

37 

35 

2 

•05 

1 1 

•94 

1/73 

4*2 

1 


33 



2 

•26 

1/68 

10 

1 

71 

36 

5 

•22 

2 

•65 

1/64 

12-5 

1 

, , 

29 



1 2 

•68 


2 

1 

73 


6 

•76 



1/46 

6-7 

1 

63 i 

28 

7 

00 

3 

•11 


1*7 

1 

62 ; 

22 

6 

89 

2 

44 


2‘5 

1 

♦62 1 

tl8 

6 

51 

1 

60 

1/36 

8-3 

1 

! 

19 



2 

64 


21 

1 


20 



2 

78 

1/27 

4 

1 i 

66 


10 

37 


. 


1 

1 

59 


10 

92 


• 

1/22 

5 

1 

♦67 

f55 1 

♦10 

36 

tio 

00 


3*3 

1 

51 

17 

11 

69 

4 

86 


1-25 

1 j 

♦56 


♦10 

18 



1/18 

4-2 

; 1 1 

. . 

12 


i 

3 

33 

1/13 

2 

1 

48 


18 

46 ; 



1/11 

2-5 

:1 i 

♦51 

. , 

i *18 

54 ! 


, • 

'*'4-plot blocks (across)* 

|4-plot blocks (compact. 

) 
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, Table V 

Efficient t of plots in use of land 


Row lengths in foet 

1 

Numbei 

2 

j 

' of rows 

1 

4 

8 


Field A . — 4 -plot blocks across ! 

rows 


10 

1 100 

102 

98 

55 

20 . 

j 88 

101 

92 

74 

30 

1 

77 

77 

69 

71 

40 . 

66 

67 

82 

54 

60 

76 

90 

70 

61 

80 

89 

95 

65 

91 

120 

67 

72 

60 

• . 


Field A, — 4 -plot blocks along rows 


10 

100 

95 

1 69 

54 

20 

85 

92 

84 

74 

30 . 

75 

74 

64 

66 

40 



. . 

* . 

60 

75 

67 

53 

44 

80 



. . 

. . 

120 


1 




Field A, - -4 -plot blocks compact 


10 . . i 

100 

107 , 

1 

79 

58 

20 

96 

108 1 

108 

86 

30 

1 

80 j 

84 1 

78 

76 

40 

70 i 

63 

87 

64 

60 

83 

90 

77 

52 

SO 



. . 

. , 

120 . .1 

1 

64 

60 

63 
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1 

1 



Niirn>)er of 

’ l"OWS 


Row lengths in feet 


— 

t 

- 

-- 

- 



1 


1 2 

1 


4 

8 



Field. A. 

— 8-plot blocks cornpuct 



10 

100 


1 106 


81 

1 

20 

97 


109 

1 

[ 

96 

j 70 

i 

30 

82 


84 


73 

1 

' 66 

j 

40 

1 

! 76 

i 


97 


73 

i 50 

60 

84 


89 


68 

1 49 

80 

99 


83 


69 

i 

120 j 

74 


69 


58 





Kumlx^r of 

rows 


Row lenuths 






i 

in feet 

1 

2 

1 

1 


5 

6 ! JO 


Field R.- 

-8- plot blocks across roics 


10 

100 1 

107 

68 


S4 j 

86 7 5 

20 

76 

84 

i 72 


()4 j 

6)6 56 

40 

60 

1 

40 

29 


20 j 

20 12 

60 i 

1 


1 


♦19 

*10 

j 

80 : 

1 

32 1 

26 

' 19 

1 


13 

12 8 

1 

UK) ‘ 



I 


*10 ! 

! . . *6 


Field R.- 

0- 

plot blocks along 

rows 


10 

100 1 

1 

112 

1 75 

1 



144 

20 

77 j 

91 

81 ; 



78 

40 

1 

72 

62 

66 



<»2 

60 

64 

71 

65 


t72 

55 

80 

60 

66 

49 



1 '' 

100 

61 

1 

66 

68 

i 


tl2 

i 44 

i 

____ _ \ 

♦4-plot blocks (across). 


1 1 ) 

f4-plot blocks (compact). 
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Introduction 

I T is a well known fact that cotton presents two taxonomically different 
groups, associated with differences in chromosome numbers. Cultivated 
cottons have been grouped as Asiatics or Old World cottons with 13 pairs of 
chromosomes and New World cottons with 26 pairs of chromosomes. As a 
rule, hybridization witliin one group leads to fertility and between the groups 
to sterility. 

Recent cytological researches have brought to light some new facts con- 
cerning various wild species of cottons, and it has been shown [Skovstcd, 
1934] that New World cottons with 27^=52 chromosomes are probably amphi- 
diploids resulting from chromosome doubling in a hybrid between an Asiatic 
cotton with 2w— 26 and a wild American cotton with 271=26 chromosomes, 
though recently some doubts in this connection have been expressed by 
Gates [1938]. 

In Asiatic group, Surat cottons represent the high water level of quality 
cottons in India. The highest spinning value yet attained in any of the types 
of Indian cottons is 40’s warp counts and strains spinning to this limit are in 
cultivation. To increase this spinning quality to a range liigher than 40*8 
is an important economic problem. There are no other types of Asiatic 
cottons available which can be utilized for crossing in order to increase the 
spinning value above this limit. 

On the other hand, New World cottons including various American, 
Egyptian, and Sea- Island types which are reputed for long, silky and strong 
fibre (and consequently possessing very high spinning value), bigger bolls 
and greater vigour have been imported and efforts made to introduce them 
in general cultivation in various cotton growing tracts of India. But such 
attempts have in most cases met with indifferent success, especially with 
regard to longest stapled varieties, i.e. Sea-Island and Egyptian. 

In view of this situation, it has often been suggested, * why not cross 
American and Indian types and try to get a much better type for cultivation 
in India The idea of combining the good qualities of both these groups 
of cotton in a hybrid has always been a fascinating goal for many workers 
in cotton since long. 

♦ This work has been recently financed by the Indian Central Cotton Committee at 
a cost of Rs. 14,014, spread over a period of five years commencing from 1 November 
1938. The aim of the scheme is to combine the hardiness and adaptability of Asiatic 
cottons with the superior fibre qualities of the New World cottons. 

404 
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Previous work 

The recorded evidence of efforts at hybridization between Asiatic and 
New World cottons begins with Major Trevor Clarke’s experimental work 
in the seventies of the nineteenth century. He failed in the attempt and, 
as quoted by Watt, is reported to have said, * I strongly doubt the possibility 
of any cross between exotics and Indian sorts, and fear you will bo disappoint- 
ed in this respect when your plants come to perfection However, it is 
curious that Watt himself took it for granted that hybridization between 
these two groups was possible [Harland, 1928], and the natural evolution of 
some forms of cottons is attributed by him to this source. Mell [1897] reported 
complete failure in obtaining successful hybrids between American and Indian 
types. Webber [1905] was unable to cross ‘ Aiden ^ cotton (as quoted by 
him), which he classified as O, herbaceum, with varieties of either Sea-Island 
{G, barhadensp) or Upland {G. hirsutum). Cammie appears to have been the 
first to obtain successful hybrids between these two groups, as reported by 
Watt [1907] and by himself [Gammie, 1905]. He produced hybrids between 
G. hirsutumxO. obtusi folium., O. hirautumxG. roseum and G. arboreumxG, 
hirmtain, but nothing further is known about the results of his work. 

The main credit must go to Zaitzev, who tackled tlic problem systemati- 
(‘ally and was able to get two hybrids between (?. hprhaceum^G, hirsutum. 
He crossed nearly one thousand flowers by his method of complete emascula- 
tion of removing the staminal sheath and obtained two hybrids thus giving 
0*2 per cent success. He observed that only a few seeds w^ere obtained per 
boll in case of crossed bolls. Five more hybrids of the same parentage w^ere 
also observed by his assistants in the field as natural hybrids. As all his 
hybrids proved completely sterile, he abandoned the hope of getting anything 
further from them and finally regarded them as useless. 

Accordingly, many w^orkers endeavoured to get hybrids between these 
groups but were unsuccessful and, in consequence, it came to be generally believ- 
ed that hybridization betw^een the tw^o groups was not possible or that hybrids, 
if produced, were sterile and of no further potential value. How ever, Vycotski 
[1930] reported upon the revival of such work on a large scale at Taskhent, 
and stated that the percentage of natural crossing betwwn varieties differ- 
ing in chromosome numbers was generally less than 0*003 per cent. Later, 
Kanash [1932] reported that he had been able to get 56 hybrids between various 
American and Indian types and had succeeded in inducing fertility in them 
by backcrossing. He observed that the percentage of successful hybrids in 
individual classes varies to a somewhat high degree, i.e., from 0*13 to 2*5 
per cent ; this variation being observed both between different crosses and 
in one and the same cross in different years. On the wdiole, success percentage 
varied from 0*011 to 2*25. He gives details of the phenomenon of occurrence 
of one seed in hybrid bolls as observed by him. Nakatomi [1931] got six 
hybrids between Asiatic and New World cottons. He crossed thousands of 
flowers, and his percentage success seems to be very low . Longley [1933] 
reported a hybrid between these two groups. Feng [1935] stated that he 
had obtained a few hybrids between G, arbor eum and G. nanking with G. 
barbademe and G. hirsutum. Hecrossed 1,700 flowers and got seven hybrids, a 
percentage success of 0 • 4. He also observed the phenomenon of the occurrence 
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of one seed per boll in case of crossed bolls. Hariand [1932, 1936] 
obtained two hybrids between ft, harbadense and G. arbor eum and by back- 
crossing to the higher (chromosome parent, succeeded in getting fertile deriva- 
tives from the cross, introducing at the same time some of the genes from the 
Asiatic cotton into the other grouj). He crossed thousands of flowers and his 
suc(^ess percentage seems to be very low. Szymanek [1932, 1936] reports 
to have got hybrids between these groups, but, from the complete fertility 
of the hybrids, tlie behaviour of the hybrid progeny and the results of cyto- 
logies, 1 studies (cited by Skovsted), it seems that there was some doubt about 
the classification of the (cottons he had under experimentation. Skovsted 
and Webber have done extensive scale hybridization between differenc groups 
of cotton. This work, togethe'^r with cytological studies carried out by them, 
has thrown considerable light on the problem of the relationship between 
different species of cotton. 

It) India, Desai [1927] was the first work(^r to 8e(mrc a hybrid between 
G. hirsuiinnxG . horbacevm and re])orted having obtained some successful 
first back crosses. Patel [19331 (lcs(‘ribes a hybrid obtained by him between 
G. pnrpurascens and G. herbacf urn. He crossed only fifty flowers and secured 
one liybrid from one seed (obtained from a single hybrid boll. Tlie hybrids 
obtained by theses two workers died on accoimt of a(*cidents and nothing 
further was achieved by them. Patol. G. B. (unpublished) fuoduced a hybrid 
between (t. hmninm, and G, herhocevni and f\atel, P. L. (unpublished) also 
secured three hybrids of the same ]>arentago at Broach. Few yflants from 
ba(»kcrosscs with G, hirsutmn were also obtained and are at present growing 
at Broach. Ramanathan [1932] secured a liybrid betwen^n Karungani {G, 
x( Cambodia {G, hirsvtam) w^hich died later on due to stem weevil 

attack. 

Work at Surat 

As a result of the impetus derived from the succes,sful work of interspecific 
hybridization carried on in other croy>s and the successes obtained by Hariand 
and Russiari workers, research work in this direction was started in 1932 at 
Surat. Dr Burns, the then Director of Agriculture, Bombay Province, 
exy)ressed his oyiinion that continued efforts should be made to obtain a fertile 
hybrid between Indian and American types of cotton in order to overcome 
the comparatively narrow limits set uy) by selection and crossing within either 
grouy). Preliminary information about the work was published by Thakar 
and Amin [1936] and Amin [1937], and the present pajier is a comy^rehensive 
account of the whole investigation ev(?r since it w^as started including the 
results yireviouslv published. 

(r;) Material 

To begin with, work w^as started with a few Dharwar American and 
Punjab American types {G, hirsntum) grown on the station for the purpose, 
as it was considered that these types would be better suited to the climate 
than others. Later on, Rea-Tsland, Maarad ((?. harhadense), and a few tree 
cottons (G, religiosuw and O. harbadense) were added. The Asiatic types 
used w^ere 1027 ALF and White Flower {G. herbaceum) and Gaorani. 6. and 
Red Arboreum ((?. arboreum). 
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(6) Methods 

In the beginning, the technique of hybridization was the one that is 
commonly foDowed, viz, emasculation by removing anthers with a pair of 
forceps and protecting the emasculated flower with a paper bag. Modifica- 
tions of this technique were made in course of the work, and later on, the 
method advocated by Doak [1934] was adopted, i.e. the splitting of the stami- 
nal column with the finger nail and the removal of the entire corolla with 
the whole andraecium in a single piece. This method removes everything 
from the flower except the pistil which is thus exposed completely. Tt also 
ensures less chance of pollen remaining on the corolla and andraecium on 
account of chance breaking of anthers. The flowers were emasculated in the 
evening of the day preceding anthesis and enclosed in paper bags. Pollina- 
tion was done next morning. This method however was found to work 
well with American types in which the flowers are bigger than in Indian types 
where the operation of the removal of the corolla by the finger nail proved 
to be liable to compress the delicate soft overy or to rupture the thin style. 
Hence, with Indian cottons, emasculation was done by removing the corolla 
with a scalpel and the anthers by a pair of forceps. This operation was done 
early in the morning of the day of anthesis and is facilitated by the large size 
of the bud and by the fact that the anthers in these cottons do not burst so 
early as in New World cottons. 

The Fj hybrids are self-sterile and in order to utilize the large number of 
flowers ojiening on them, dusting of oj^en flowers with the pollen of parents 
was done for back crossing and the crossed flowers were left unprotected. 
A careful watch was kept on developing bolls which were protected against 
damage by boll worms with paper bags w^ith their mouths tied with a piece 
of thread. The thread of the label, attached to the boll for identification was 
used for the purpose. This technique has been found to give satisfactory 
results. In adition, all flowers, other than pollinated ones, were removed 
from the parent plants. This operation prolonged flowering and facilitated 
the work of hybridization. The seedlings were first raised in pots under 
protection and then transplanted in the field. 

(c) Results of experiments. 1932-1938 

To begin with, methods advocated by Desai [1927] were given a trial, 
but without success. Desai [1927] obtained 12, 20 and 0*5 per cent success 
by painting the stigmas with citric acid solution, citric acid plus cane sugar 
solution and without any treatment of the stigma respectively. No success 
was however obtained by the author by the use of citric acid solution or cane 
sugar solution alone or in combination. Kanetsh [1932] and Webber [1936] 
also failed to get any results by painting stigma with various solutions and 
the latter thinks that the reported success might be due to the development 
of parthenocarpic capsules. The writer agrees with Webber as he found that 
parthenocarpy is pronounced in cottons and one gets bolls resembling empty 
shells with a few immature seeds, some of which even show slight immature 
lint developed on them particularly in those cases where only a few boDs are 
left derelof^ng on the plants. 
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Crossing and backcrossing work was undertaken on an extensive scale 
(Table I). The results obtained show that success can be had in hybridiza- 
tion between the two groups of Asiatic and New World cottons. The F, 
hybrids have been successfully raised as also the backcrosses to New World 
cottons resulting in plants with some characters inherited from either group 
together with induced fertility. 

All the hybrids and backcross plants are being maintained as ratoons. 
With a view to further propagation and maintenance, vegetative propagation 
by layering, cuttings, and grafting has been tried. Layering in unsuccessful 
while cuttings give varying success from 10 to 25 per cent. Grafting is very 
successful and a number of grafts have been secured by simple approach 
and bottle grafting methods. 


Discussion 

From the foregoing account of the work done at Surat and from 
reference to provious literature on the subject it can be said that : — 

(1) It is possible to secure hybrids between tlie two groups of Asiatic 
and New World cottons differing in chromosome number. 

(2) The fact that very few hybrids have been obtained by various work- 
ers, coupled with the similar experience at Surat, shows the difficulty in- 
volved but, as stated by Kanash, it can be safely concluded tJiat to succeed 
in the attempt crossing must be resorted to on a large scale. 

(3) All the Fi liybrids reported above, have proved to be self-sterile. 
However, backcrossing to higher chromosome parent has been successful as 
shown by the experiments of Desai, Kanash, Harland, Nakatomi, Patel and 
the author at Surat. This is very encouraging as it indicates the way out of 
the impasse of sterility. So far, results of induced fertility by repeated back- 
crossing to higher chromosome parent have been reported only by Russian 
workers and by Harland. 

(4) Percentage success in hybridization : It may be deduced from the 
previous literature as well as from the experience at Surat that success per- 
centage is likely to vary from 0-01 to 2*6 in crosses between these two groups 
of Asiatic and New World cottons. 

Thomson [1930] haa summarized the literature as regards relative difference 
in success of reciprocal interspecific hybrids and concluded that more success 
is generally obtained when the species with the higher chromosome number is 
used as the female parent. In cottons, Zaitzev believed that better results 
could be obtained if the Asiatic types were used as the female parent. Kanash 
stated that reciprocal crossing is equally possible and successful. However, 
closer examination of his data indicates that the percentage success is greater 
when the species with the higher chromosome number is used as the female 
parent. Feng made a definite statement to the effect that whenever the 
female parent is the one with the higher number of chromosomes more success 
is obtained. The data presented here also confirm this conclusion. 

In case of backcrossing a similar phenomenon is observed. Success has 
so far been obtained when the Fj hybrid (which has higher chromosome number) 
has been used as the female parent. Again, of the two species entering into 
the cross, backcrosses are successful with higher chromosome parent as the 
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pollen parent. Harland who was foremost in trying backcrossing on a large 
scale in interspecific hybrids, has shown that success is only obtained when 
pollen from a parent with higher number of chromosomes is used on to the 
flowers of the hybrid plants. Nakatomi and Kanash have obtained success 
in backcrossing when a male parent with higher number of chromosomes 
was used. It may be noted that in backcrossing, no success has yet been 
reported when Asiatics, or the species with the lesser number of chromosomes, 
is used as one of the parents. 

(5) Size of bolls and number of seeds per boll in crosses : The peculiar 
phenomenon of the occurrence of only a few seeds per boll in case of crossed 
boUs in species crosses has been observed by various workers. Thirty-two 
seeds from twenty-one crossed bolls were obtained, the average number of 
seeds per boll coming to 1*52, thus confirming the observations of the various 
workers. In backcrossing, the formation of bolls on the liybrids shows a 
similar phenomenon. Only one seed per boll is the rule with few exceptions. 
The total number of bolls obtained from the F^ hybrids in the three seasons 
was 88 giving 95 seeds. 

(6) General characters of the Fj hybrids : — 

(a) Hybrid vigour : All the F^ hybrids showed very marked hybrid 

vigour. They were more than three to four times the size of the 
parents (Plate IV). 

(b) Other characters : In many characters, these hybrids are generally 

intermediate (Plate IV). The hairiness, shape of leaf, colour of 
petal, colour of pollen, etc., arc all intermediate. The petal 
spot of Indian cottons is dominant but tlie intensity varies in 
different hybrids. There is a peculiar j)henomenon in that the 
• presence of various grades of si)ot, or even its complete absence, 
occurred on different branches of the same hybrid plant. Zait- 
zev noted a similar phenomenon in his hybrids. These varia- 
tions of the different grades of spots, or their complete absence 
on different branches of the same plant, are such that by vege- 
tative propagation of such branches j)lants showing these differ- 
ences were raised. In case of Arboreum crosses, the antho- 
cyanin pigmentation on plant body, leaf and flower is reduced. 
The flower colour is in accordance with Harland's description, 
viz. ‘yellow with a red flush at the petal edges. Spot inter- 
mediate between the parents ’. 

(c) Sterility : As mentioned before all the hybrids proved completely 

self-sterile, except in so far as a few seeds could be procured by 
backcrossing with New World parents. 

(7) Inducing fertility by backcrossing on F^ hybrids : During tlie last 
three seasons, out of twenty -three F^ hybrids, thirteen have set bolls on back- 
crossing with the New World cottons as pollen parents, and, as a result, twenty- 
seven backerossed plants have been raised therefrom. The setting of bolls 
on backcrossing has been rare, but it is worth noting that one hybrid (Dharwar 
American X 1027 ALF) F^ — Hybrid No. 2-4 (which on cytological examina- 
tion has been found to be a tetraploid)* has set a significantly large number 
of bolls consistantly during the last three seasons, the success percentage being 
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0*16, 0-49, and O’ 21 for each of these seasons respectively. In fact, out of 
the twenty-seven backcross plants at present on hand, fifteen are derived 
from the tetraploid hybrid. 

(8) Fertility in first backcross population ; Of the twenty-seven plants 
grown, fifteen have sot bolls on second backcrossing or selfing. Special 
mention may be made of a fully fertile plant No. 22 (Plate V). It has a red 
plant body and red flower colour with petal spot inherited from Asiatic parent. 
The character behaves as a simple dominant one as observed in the selfed 
and backcrossed progeny plants, with varying intensity of its expression. 
The progeny of first backcross plant No. 22 is fully fertile (Plate V). Normal 
setting of bolls also occurs by using this plant as a male or female parent in 
crosses with New World cottons. The fertility observed in most of the first 
backcrosses is encouraging in comparison with the results obtained by Har- 
land who got full fertihty after four backcrossings. 

(9) There are many known physical and chemical treatments for getting 
fertility in interspecific hybrids by inducing doubling of chromosomes. Not- 
able among these are, physical injury by wounding, ringing or callus formation, 
heat and cold treatment. X-ray applications, the use of chemicals, e.g. anaes- 
thetics and narcotics such as chloroform and colchicine. Of these methods, 
wounding and ringing have been practised but without success. 'Frials were 
made at callus formation and though such is possible in cottons, sprouting 
of shoots from the callus did not take plac*e. Anajsthetic like chloroform 
was also used but without success. The use of colchicine as an agent for 
inducing doubling of chromosomes api)ears to be promising, and experiments 
with it on cottons are being conducted by the author and results are awaited. 
If some such method proves successful, the question of inducing {xilyploids 
in cottons will be an easy task opening up a wide field for further research. 


Summary 

After summarizing the general position of interspecific hybridization in 
cottons, with references to the literature on the subject, details of similar 
work carried out at Surat for six seasons from 1932-38 are given. 

In all, 23 Fj hybrids between Asiatic and New World cottons have been 
grown. Backcrossing to New World cottons has proved successful and, as a 
result, twenty -seven first backcrosses have been obtained, many of which 
have also shown fertility through second backcrossing ami selfing. 

Data regarding the percentage success in hybridization, hybrid boll chara- 
cters, general characters of the hybrids including sterility and fertility are 
discussed. 
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GENETICAL STUDIES IN COFFEA ARABICA L. 


A PRELmiNARY STUDY WITH YOUNG LEAF COLOUR AND RIPE 

PERICARP COLOUR 

BY 

R. L. NARASIMHA SWAMY, M.So. 

(Received for publication on 27 July 1939). 

InTBOBITCTTON ANT) HISTORICAL 

T he colour of young leaves and the colour of pericarp of ripe fruits of 
Coffea arabica li. show well-marked differences. Sometimes varieties 
and strains have been distinguished by these characters. Taschdjian [1932] 
reports that Cafd Bourbon is ‘ to be distinguished by the light green colour of 
the young leaves in contrast to the reddish to bronze of those of Cafe Nacional.^ 
Krug [1935] mentions, Como ^ do conhecimento dos que trabalham com a 
Botanica do cafenro, consUitam-se as seguintes cores nos brotos do cafeeiro : a verde 
(com diver sas tonalidades desde verde quasi hranco a um verde escuro), cue 
caracteriza os re/presentantes typicos das variedadfs Mokka^ Laurina, Muria e 
Bourbon ; h) bronze (de bronze claro ate muito e^^curo) encontrado, de preferencia, 
nas rariedades arabica typica (Nacional incluindo a forma aqui chamada de cafe 
Sumatra) e amarella {Amarcllo de Botucatu) e, finalmente, c) purpureo caracteris- 
tica da variedadc purpurascens ‘ Cafe Boxo \ ” About the colour of pericarp 
of ripe fruits Krug [1935] mentions, ^ Com rclacdo car dos fructos present- 
mente nada podemos adeantar como, e sahido, a cor vermelha i a mais commum 
sendoa amarella caractfristica da var Amarella. (Amarello de Botucatu) e das 
variedades (?) Maraqogipe e Bourbon Amarellos. A variedade Purpurascens 
caracteriza- se por fructos tambem. arroxeados.^ 

Recently, genetical work has been carried on using the colour of young 
leaves and the colour of pericai p of ripe fruits as characters for the study of 
inheritance in coffee. Krug [1936] mentions that controlled pollination has 
shewn a number of the plants stdfed to bo heterozygous. Bronze colour of the 
young leaves was dominant (though incompletely) to green ; both these were 
dominant to purple. Stoffels [1930] describes the ‘behaviour of two groups 
of arabica coffee, one with brown leafed terminal shoots BB and the other with 

green, BV The effect of the environment on variation was very 

marked but the BB group proved much more adaptable than the BV group 
and less susceptible to dieback and black tip and to over production. 

‘ Most of the BB strains tested were homozygous with regard to the 
colour of their terminal shoots but in some cases, although the numbers were 
too small for certainty, there were indications of a monohybrid ratio for the 
characters BB and BV. Which character was dominant depended on the 
mother plant.’ He reports again, ‘ It was observe 1 that the progeny of the 
so-called local varieties were some (BB) and some (BV) while those of the 
introduced coffees were all (BB).’ [Stoffels, 1937]. 
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Dealing with fruit colour Taschdjian [1932] mentions, ‘ The results of the 
cross D’Utra x Amarello indicate that the yellow colour is dominant to red.’ 

Goffea arabica L. is not the only species in which the pigmentation of the 
leaves has been made use of for genetical study. Lewis and Crane [1938] 
have investigated the anthocyanin pigmentation of leaves and shoots of 
apples. They mention, ‘ The anthocyanin coloration is a convenient character 
for genetic study, as it develops in the early seedling stage and the plants can 
be scored and the majority discarded while quite small, thus obviating the 
labour and expense of growing trees to maturity.* This fact may also be made 
use of with coffee. 


Material and methods 

A large number of varieties and strains of Cojfea arabica L. has been 
collected and plants have been raised from these at the Government Coffee 
Experiment Station, Balehonnur. Several mother plants were selected from 
among these. For progeny tests seeds weie obtained from the mother plants 
by controlled self-pollination. The seedlings raised have been planted in the 
field. The progeny of each mother plant is numbered. Thus, family 288 is 
the progeny of the mother plant S. 26. The mother plants and selections in 
their progeny have been crossed with pollen from Kent and Coorg strains of 
arabica coffee. These several families as well as the different strains and 
varieties formed the material for observation. 

The characters studied were colour of j’oung leaves and colour of pericarp 
of ripe fruits. The colour of young leaves that have just unfolded from the 
leaf bud was studied as, during the attainment of maturity the different colours 
change to the normal green colour. In the text wherever the colour of leaves 
is mentioned it refers to the colour of young leaves that have just unfolded 
from the leaf bud. 

Three groups have been distinguished for the colour of young leaves viz. 
copper, brown, and light green. These appear to correspond with purple, 
bronze, and green colours of new leaves in Fig. 3 of Krug [1936]. 

While in the light green colour group the colour of leaves is uniform the 
same cannot be said of leaves in the copper and brown groups. Within the 
copper and brown classes the amount of coloration varies from only a slight 
tinge of copper red or brown to intense copper red or brown. There is no 
difficulty, however, in distinguishing the two groups. In this paper only the 
three broad classes — copper, brown, and light green — have been distinguished. 

Pericarp colour of ripe fruits falls into two groups, viz. red and golden- 
yellow. These appear to correspond with red and yellow colours of fruits in 
Fig. 4 of Krug [1936]. 

Description 

Kent’s strain of arabica coffee has young leaves with copper colour. A 
major portion of cultivated coffee on the Station — Coorg strain — has copper 
leaves, a minority having brown leaves. Both the strains produce fruits with 
red pericarp. Golden Drop coffee — ^known as Amarella in Brazil [Cramer, 
1913] — is characterized by light green leaves and fruits with golden -yellow 
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pericarp. Intersperded among the cultivated coffee wherein supply-planting 
has been carried on for some time, are a number of plants that have hght gr^n 
leaves and gtnden-yellow pericarp. AU the observations I have made so far 
indicate that plants with copper and brown leaves have red pencarp, and, 
plants with light green leaves have golden-yelow pericarj*. 


Table 1 


Segregation in lat and 2nd generation progeny of mother ‘flanie 


Mother plant 

1 

1 

1 

Progeny | 
Family ; 
No. 1 

1 

i 

Colour of 
leaves of 
moUier 
plant 

Colour of 
pericarp of 
moUier 
plant 

Colour of leaves of progeny 

No. of plants with 

Colour of pericarp of 
progeny No. of plants 
with 

Copper 

Brown 

Light 

green 

Red 

Golden- 

yellow 

S2d 

— — “1 

288 *1 j 

Brown 

Red 

24 

34 

13 

58 

13 

8 26 

626 J ' 

.. 

.. 

22 

33 

14 

... 

... 

288>6 

498 ! 


* 

21 

4 

14 

... 

... 

288-20 

467 V 

tt 

99 

12 

33 

30 

4.6 

so 

288-20 

627 Jl 

•4 

71 

22 

36 

27 

... 

... 

288-40 

497 

ft 

M 

16 

19 

8 

... 

... 

288-22 

4»6 -1 

Copper 

91 

8 

7 

0 

... 

... 

288-22 

629 J 

II 

ft 

18 

15 

0 

... 

... 

288-2S 

408 

91 

.» 

179 

59 

0 

238 

0 

288-70 

495 

** 

.. 

50 

23 

0 

... 

... 

288-58 

466 1 

Light green 

Golden-yel- 

0 


12 

... 

... 




1 ow 






288-68 

600 V 

II 

If 


0 

16 

... 

... 

288-58 

681 J 

99 

99 

0 

0 

67 

... 

... 

8 82 

350 

Brown 

Bed 

16 1 

18 

14 

1 83 

14 

8 48 

360 

19 

! ». 

' 7 

23 

! ^ 

j 80 

0 

818 

366 

Light green 

Golden-yel- 

low 

0 

' 7 

i 24 

7 

24 

8 68 

375 

!• 

1 99 

0 

72 

82 

j 72 

32 

8 44 

853 ! 

Copper 

! Bed 

237 

64 

0 

1 301 

1 

0 

868-58 

535 

» 

1 ” 

26 

0 

0 

i 

... 

8 59 

871 

9> 

i 

43 

23 

0 

i 66 

) 

0 

Kent 

446 

99 

1 

100 

1 0 

0 

j 100 

... 

446-11 

578 

99 

‘ 99 

128 

1 ^ 

0 

j ... 

... 

Kent 

460 

99 

1 

99 

100 

0 

0 

1 100 

u 

450-26 

679 

99 

1 

1 64 

0 

0 

1 

... 

Kent 

451 

If 

1 

1 

100 

0 

0 

; 100 

0 


— ^The blanks in the last two columns indicate that the plants in those families 
have not fruited. 


First generation progeny of three Kent and .second generation progeny 
of two Kent plants have bred true for copper leaves. S 44 and S have 
segregated in their first generation wherein, the plants have copper and hrowii 
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leaves. Second generation progeny of S 44 obtained from selling one plant 
with copper leaves in the first generation, have only copper leaves. 

In its first generation S 26 has segregated : there are plants with copper, 
brown, and light green leaves. Second generation progeny from selfing three 
plants with copper leaves in the first generation, have copper and brown 
leaves ; second generation progeny from selfing three plants with brown leaves 
in the first generation, have copper, brown, and light green leaves ; while, 
three families from selfing one plant with Ught green leaves in the first genera- 
tion, have all light green leaves. 

S 32 and S 48 have segregated in their first generation : progeny of S 32 
have copper, brown, and light green leaves ; and, the jirogeny of S 48 have 
copper and brown leaves only. 

The first generation progeny of S 13 and S 63 have brown and light green 
leaves. 


Table II 


ReeuWf of crossing mother plants and their progeny with Kent and Coorg strains 


1 

1 

1 

Parents 

Family 1 
No. i 

Colour of 
leaves of 
parents 

Colour of 
pericarp of 
parents 

Colour of leaves of 
F| Hybrids. 
No. of plants with 


Colour of 
pericarp of 

Ft Hybrids. 

No. of plants 
with 



1 

Female ! 
parent i 

Male 

parent 

Female 

parent 

Male 

parent 

Copper 

Brown; Light 
green 

Red ' Golden- 
; yellow 

8 44 $ X Kent ^ 


361 

Copper 

Copper 

Red 

Red 

112 

0 

0 

112 0 

8 44 $ X Coorg ^ 


362 i 


99 

11 

>1 

79 

0 

0 

79 0 

8 26 $ X Kent ^ 


327 

Brown 

If 


If 

145 

133 12 

278 *2 

8 26 gx 286-14 (Kent), 

490 

If 

If 


11 

72 

32 

1 

104 

8 26 9 X C/Oorg 


616 

91 


99 

9> 

46 

22 

0 

... > 

288-20 9 X 286- 14 ^J(Kont) 

403 

If 

99 


99 

32 

11 

0 

43 0 

288-20 9 X Coorg ^ 

1 

518 

• 9 


99 

»i 

125 

72 

0 

... 

288-53 9 X 446-11 ^(Kent)i 

669 

Light 1 
green ! 

! •• 

1 

Golden 

yellow 


110 

29 

0 

... 

446-11 9 X 288-63 ^(Kent)j 

1 

671 

1 Copper 

: Light 
green 

Bed 

Golden 

1 yellow 

96 

34 

0 

... 

8 48 9 X Kent ^ . 

1 

! 

396 

Brown 

Copper 

1 ” 

! Red 

88 

14 

0 

102 0 


N.B . — The blanks in the last two coluxons indicate that the plants in the families 
have not fruited. 

* Of the 12 plants with light green leaves in the family only two have fruited. 

S 44 has been crossed with pollen from a Kent and a Coorg plant. The F j 
hybrids have all copper leaves. 

On crossing S 26 with pollen from two Kent plants the F, hybrids ob- 
tained have copper, brown, and light green leaves ; while, crossing S 26 with 
opllen from a Coorg plant the F^ hybrids have copper and brovTi leaves only. 
One plant with brown leaves in the first generation progeny of fl 26 has been 
crossed with pollen from a Kent and a Coorg plant. The F, progeny have cop- 
per and brown leaves. 



418 i’HE INDIAN JOURNAL OF AGRICULTURAL SCIENCE [X 

The Fi plants from the cross S 48 x Kent have copper and brown leaves. 
One plant with light green leaves in the first generation progeny of S 26 
has been crossed reciprocally with a Kent. In both the crosses the hybrids 
have copper and brown leaves. 


Table III 


Reciprocal intercrosses in the first generation progeny of S 26 


Parents 

Family 

Colour of leaves of parents 

Colour of leaves of Fi hybrids 
No. of plants with 


No. 

Female parent 

1 

1 Male parent 

1 

Copper 

I 

Brown 

1 1 
1 

Light 

green 

288-20 9 X 288-68 ^ 

662 

Brown 

1 Light green 

14 

1 

16 1 

88 

288-68 $X 288-20 

666 

Light green 

Brown 

12 

58 ; 

06 

288-23 $ X 288-58 

664 

Copper 

Light green 

37 

87 1 

15 

288-63 9 X 288-23 ^ 

667 

Light green 

Copper 

■ 02 

70 

6 


N.B . — The plants in the families have not fruited. 


When plants with brown and light green leaves in the first generation 
progeny of S 26 are reciprocally crossed the Fj progeny have copper, brown, 
and light green leaves. The plants with light green leaves are in excess. On 
crossing reciprocally plants with copper and light green leaves in the first 
generation progeny of S 26, the Fj hybrids have copper, brown, and light 
green leaves. The plants with light green leaves arc in a minority. 

Discussion 

Krug [1935] reports, ^ Gonstataram-se as seguintes ccmdicoes de dominan- 
cia : Bronze e, incompletamente dominante sobre verde, sobre os hybridos (Fj) dc 
cdoracao interm ^diaria, Qmnto ao purpureo, constatou-se qm esta coloracao e 
recesnva tanto em relacao com o verde, como com o bronze. Somenie a segundn 
geracaofilial (Fg) e os ‘ back crosses * poderao revelar o numero de gens que 
condicionarn a cornas folhas novas. ^ In a later publication he mentions [Krug, 
1936], ‘ Nas variedades de cafe cnltivades sao dnas as cores predominantes das 
folhas novas : bronze e verde ; trata-se. provavelmente, de um unico par 
de factores (Br-Br, br-br) apresentando o heterozygo to Br-br. dominantcia 
incompleta de Br, pois e bronze daro. A variedade Purpurascens possue folhas 
novas purpureas ; hybridos desta variedade com cafeeiros de folhas novas 
verdes ou bronzeadas apresentam dominancia compleia destas duos cores sobre 
o purpurascens ; nada podemos, no emtanto, adeantar sobre si todos estes 
factores sao allelemorphos ou si o Br eobr sao epistaticos sobre um outro factor 
independente que determina a cor purpures \ 

Stoffels [1936] reports that Most of the BB strains tested were homozy- 
gous with regard to the colour of their terminal shoots but in some cases, 
although the numbers were too small for certainty, there were indications of 
a monohybrid ratio for the characters BB and BV. Which character was 
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dominant depended on the mother plant.’ Again, ‘ Eight introduced varie- 
ties and 26 out of 33 lines of local varieties proved to be homozygous with 
regard to this colour character as well as to other morphological characters 
associated with leaves, stems and internodes. Seven lines of Mibirizi, on the 
other hand, showed a 3 ; 1 segregation for leaf colour in the progeny, but 
whether BB or BV was dominant depended on whether the mother tree was 
BB or BV.’ [Stoffels, 1936]. 

(o) Leaf colour : aegregation in first and second generation progeny 

(1) Copper colour. — ^Kent’s strain appears to be homozygous for copper 
leaves : the first and second generation progeny have bred true for copper 
leaves. S 44, S 69, and plants with copper leaves in the first generation pro- 
geny of S 26, suggest the dominance of copper colour over brown in their 
progeny. In family 468 the segregation into copper and brown classes is 
in accordance with a 3 : 1 ratio ; whereas, in families 363, 496, and 371 the 
segregation is not inconsistent with a 3 : 1 ratio. The remaining two families — 
496 and 629 — are very small. Thus, there appears to be a single factor dif- 
ference between copper and brown classes. 

(2) Brown colour. — S 26, S 32, and plants with brown leaves in the first 
generation progeny of S 26, segregate in their progeny which have copper, 
brown, and light green leaves. The segregation of S 26 is not inconsistent 
with a 1 : 2 : 1 ratio between copper, brown, and light green classes ; where- 
as, with the remaining families there is no such clear cut segregation. The 
progeny of S 48 have only copper and brown leaves ; but, the family is too 
small to be relied upon. The data so far obtained indicate that plants with 
brown leaves are heterozygous. 

(3) Light green leaves. — S 13 and S 63 segregate differently in their pro- 
geny. The segregation into brown and light green classes in the progeny of 
S 63 is not inconsistent with a monohybrid ratio. However, the presence of 
excess of plants in the brown grotip in the progeny of S 63 is reversed in the 
progeny of S 13. S 13 and S 63 are two examples of the dominance of light 
green over brown leaves. 

The plant with light green leaves in the first generation progeny of »S 26 
appears to be homozygous for leaf coloiu- as its progeny breed true for the 
character. 


(6) Leaf colour in crosses 

(1) Copper colour. — ^I’he Fj hybrids of the crosses 8 44 x Kent and Coorg 
have all copper leaves. The Fj progeny of the reciprocal crosses of a Kent 
and a light green leaved plant in the first generation progeny of S 26, have 
copper and brown leaves the former being in excess. These reciprocal crosses 
are of particular interest ; both the parent plants are homozygous for leaf 
colour. In the F^ progeny the copper colour of Kent dominates over the 
light green colour in producing an excess of plants with copper leaves ; and, 
afeo, the. copper colour of Kent combines with the light green colour in pro- 
ducing a minority of plants with brown colour. 

The Fi hybrids of the reciprocal crosses between a plant with copper 
leaves and a plant with light giwn leaves in the first generation progeny of 
S 26 have copper, brown, and light green leaves, plants with copper leaves 
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being in excess. The copper leaved parent is not pure but, contains factors 
for brown colour and, hence, the presence of plants with green colour in the 
crosses is not unexpected. However, the presence of plants with copper leaves 
in excess in the crosses is suggestive of the dominance of copper over light 
green. 

(2) Brown colour . — In the Fi hybrids of the crosses between plants with 
brown and copper leaves, plants with copper leaves are in excess. In two of 
the crosses between S 26 and Kent, there are present a few plants with light 
green leaves. In these crosses there is a suggestion of the dominance of copper 
over brown. 

The reciprocal crosses between 288-20 and 288-63 have hybrids with 
copper, brown, and light green leaves, the last one being in excess. As 288-20 
produces a great percentage of plants with light green leaves in its progeny 
the presence of an excess of plants with light green leaves in the reciprocal 
crosses between 288-20 and 288-53 is according to expectation. 

(c) Colour of pericarp of ripe fruits. 

Pericarp colour appears to be linked up with leaf colour : all the 
observations so far made show that red pericarp is linked up with copper and 
brown leaves, and golden -yeUow pericarp is linked up with light green leaves. 
Therefore, the segregation of pericarp colour follows closely the segregation 
of leaf colour in the several progeny. 

Conclusion 

Tests on mixing solutions of intense red and light green colours have 
resulted in brown colour. On crossing plants that are homozygous for copper 
and light green leaves, the F^ hybrids have some plants with brown leaves 
Further, plants with brown leaves segregate in their selfed progeny into copper, 
brown, and light green classes. These facts indicate that brown leaves might 
be in the nature of a blend between copper and light green leaves. 

The segregation in the progeny of plants with copper leaves into copper 
and brown classes is suggestive of a single factor difference between the two 
classes. liikewise, the segregation in the progeny of S 26 into copper, brown, 
and light green classes, and the segregation into brown and light green classes 
in the progeny of S 63, appear to be not inconsistent with a monohybrid ratio. 
Further, there are indications that copper leaves dominate over light green 
leaves and brown leaves ; and, light green leaves dominate over brown leaves. 

Plants have been met with that are homozygous for copper and light 
green leaves. All the plants with brown leaves appear to be heterozygous. 

The pericarp colour of ripe fruits appears to be linked up with leaf colour : 
red pericarp being characteristic of plants with copper and brown leaves ; and, 
golden-yellow pericarp characterizes plants with light green leaves. 

Summary 

(1) Colour of young leaves of Coffea arabica L. that have just unfolded 
from the leaf-bud, as well as, the colour of pericarp of ripe fruits show well 
marked variations. The young leaves have copper, brown, or light green 
colours ; the pericarp has either red or golden-yellow colour. These characters 
have been made use of for genetical study. 
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(2) Colour of pericarp of ripe fruits appears to be linked with leaf colour : 
plants with copper and brown leaves have red pericarp ; and, plants with 
light green leaves have golden-yellow pericarp. 

(3) Plants homozygous for copper and %ht green leaves have been met 
with ; whereas, all the plants with brown leaves appear to be heterozygous. 

(4) Copper colour of leaves combining with light green colour in the 
crosses between the two have produced some plants with brown leaves. 

(6) Segregation in the progeny of plants with (o) copper and, [b) light 
green leaves into (o) copper and brown classes, and, (6) brown and light green 
classes respectively, seems to be not inconsistent with a monohybrid ratio. 
Segregation into copper, brown, and light green classes in the progeny of 
plants with brown leaves does not appear to be so clear cut. 

(6) Copper leaves appear to dominate over light green and brown leaves ; 
and, light green leaves appear to dominate over brown leaA^es. 
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Introduction 

A number of economic plants (e.g. red clover, Cucurbitaceae, some of 
tlie Brassicse, apple, etc.) depend entirely upon insects for pollination 
[Waite, 1895, ‘ 99 ; Treherne 1923 ; Williams, 1925]. An increase in the 
population of such insects results in a material increase in the yield of the crop 
[Alderman, 1918 ; Auchter, 1922 ; Farrar, 1931]. 

In India this fruitful line of investigation has remained practically un- 
touched. Apart from BurkUl’s random notes [1906-09, 1911], Ali Mohd. et 
aVs [1931] and Ali Mohd.’s [1935] articles are the only contributions to the 
subject. The reason for this neglect is not far to seek. Economic Entomolo- 
gists have been, and are stiU, busy combating injurious insects to realize the 
full significance of this branch of their subject, the importance of which to a 
pre-eminently Agricultural country like India, cannot be over-emphasized. 
It is, therefore, reasonable to maintain that a more intimate and comprehen- 
sive knowledge of insect visitors to the flowers of our plants of economic im- 
portance is long overdue. 

Objects op the present investigation 

Apropos of the record low yield of toria during 1928-29 in the Punjab 
Afzal Husain [1930] made the following observation : ‘ The last toria crop 
failed, and it was noticed that although the number of pods per plant was 
fairly large, the number of seeds per pod was very little, which shows defective 
pollination. As this crop is pollinated by insects, it seems likely that on 
account of certain unknown causes insects pollinating toria were not present 
in large numbers. It is a well known fact that insect pollinators play a most 
important part in the economy of nature and the question is so important that 
it cannot be ignored much longer.' 

The work on insect visitors to toria and sa/rson flowers was, therefore, 
begun in January, 1930, at Lyallpur with a view to determine : (1) the species 
of insect visitors and their importance as pollinating agents, and (2) the rela- 
tive significance of the important pollinators. This information was consi- 
dered an essential preliminary"for the elucidation of those ‘ unknown causes ’ 
which retard insect activity. * 
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III] INSECT POLLINATORS OF TOBIA AND SARSON 

The species op insect visitobs to tosia and sabson flowebs and 

THEIB IMPOBTANOE AS POLLINATOBS. 

Method of study, — The insect visitors to ioria and mraon flowers were 
collected* for about 131 days i.e. from November to February, 1930 and 
1931 , in the Botanical Experimental Farm, Ly allpur. Collections were started 
almost immediately after the flowers appeared and were usually made 
between 12 noon to 3 p.m. — ^the period of greatest insect activity — for an 
average of 2 • 17 hours a day. 

Weather conditions during collection period. — Excepting eight daysf, when 
the prevailing weather conditions were not favourable, the remaining 123 
days, particularly during the collection period, had ideal conditions for insect 
flight and activity. Table I gives the meteorological data which was found 
favourable for insect flight during toria and sarson seasons in 1930 and 
1931. 

Insect visitors. — The collections made include 106 different species repre- 
senting 65 families of 9 orders of the Class Insecta. The importance of these 
insects as pollinating agents is discussed below. 

ObdEb Hymenopteba 

Fam. Apidae. — Apis florea Fab. is the only representative of this family 
secured from toria and sarson flowers. Table 11 gives the numbers collec- 
ted from the two crops during the specified weeks. 

Tt is seen from the above table that Apis florea Fab. is slightly more abun- 
dant in sarson than toria. It begins to desert this crop for other flowers 
towards the end of February. 

The nesting habits of Apis florea Fab. are described by Ghosh [1916]. 

This bee works zealously and enthusiastically ‘ during bright, Bunny, 
warm M'eather when there is slight or no wind. During inclement weather 
it does not leave its hive. When overtaken by bad weather during work it 
immediately suspends its activities and clings to the flower. In this condition 
it allows itself to be picked up by hand without stinging. 

Apis florea Fab. works in a purposeful manner. Table III gives the num- 
ber of flowers visited per minute. 

Thus during favourable weather Apis florea, Fab., on an average, visits 
six flowers per minute. 

Its modus operandi on flow ers is ideal for cross-pollination. Alighting on 
a flower it sends its proboscis down immediately to a nectary and in consequence 
the head comes in contact with anthers and gets heavily dusted with poUen. 
The next nectary is reached with the body usually lying across the anthers. 
Much more frequently, however, the bee lies across the apex of the stigma to 
lap up nectar ; it is this posture that results in pollination. 

• The collections wore made by Messrs. K. G. Bhandari, B. Singh, R. Takoo, N. 
Kishore, the late S. Datt, Sana TTIlah and the author. 

1 12th and 24th January, 1930. 

27th February, 1930. 

24th November ,1930. 
yth and 10th February, 193), 
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Table II 


Shomng numbers of Apis florea Fab. collected from toria and sarsou during 

1930 and 1931 



1930 


1 

1931 


NamD 

1 ' 

1 



_ 

— 


toria 

j sarso n 


toria 

sarson 


(Novembor 

1 (Januaiv 

(NovemlxT 

(Januaiv 


19-25 

13- 

19 


11-17 

24-30 


December 

j February 

! Dec( mber 

February 



i 13-19) 


7-13) 

13-19) 

Apis florea Fab. 

02 

i 

1 188 

i 

2]() 

370 


Table III 





Showing number of 

sarson flowers visited per minute 

by Apis florea Fab. 


Time of obserx a- 

Duration 

Total 

Number 





of 

number 

of 

DaU* 



obs(‘rv’a- 

of 

flowers 


j From 

To 

tion 

Hovvt'rs 

visited 


! P.M. . 

P.M. 

(minutes) 

visited 

in one 


' 





minute 

19-1*30 

‘ 121 

12*7 


0 

30 

5 

19-1-30 

i 1-5 

1-6 


1 

8 

8 

19-1-30 

: 2-29 

2*32 


3 

22 

7-3 

8-2-30 

2-34 

2-39 


5 

37 

7-4 

14-2-30 

2-42 

2-47 


5 

25 

5 

20-1-31 

2-52 

2-54 


2 

10 

5 

9-2-31 

2-53 

2-55 


2 

10 

8 

12-2-31 

' 2 -58 

3-9 


11 

45 

4 

14-2-31 

1 2-41 

2-49 


H 

i 

41 

51 



1 ; 




I 

1 

' 


Fam. Andbenidje. — This family was strongly represented. Table IV 
gives the names and numbers of the members of this firmily colleetcd from 
toria and sarson during the specified weeks. 

It is seen from Table IV that Andrena ilerda Cam. and Halictua sp. are 
more abundant in sarson and toria ero))8 than any other species of 
Andrenida’. Both these solitary bees are exceedingly industrious and work 
in a purposeful manner. Because of these qualities and tlicir numbers and 
body structure these bees are among the most important pollinators of flowtrs. 
Their modus operandi on flowers is identical with that of Apis florea Fab. 

At LyaUpur Andrena ilerda Cam. begins to visit toria flowers in the 
second week of November. It reaches its maximum numbers in December : 
in fact it is during this month that it predominates over all other insect visitors. 
It constructs its nest in and around toria fields. For this purpose it makes 
a 22 in. — 26 in. long tunnel with a number of side tunnels along its course. 
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In the case of an allied species each side of tunnel is said to terminate in a cell in 
which balls of ‘ bee-bre^ ’ (for egg-laying) are stored. 

Tablb IV 


Showing names and numbers of Andrenidce collected from toria and sarson 

during 193 1 and 1931 



1 1 

1 1930 ! 

1 j 

1931 

i 

Name 

1 tona ; 

’ (November 
. 19-26 

December 

1-7) 

1 

j 

sarson j 
1 (January j 
13-19 ! 

February 
13-19) 

. 1 

i tona 

\ (November ; 
11-17 1 

December ! 
7-13) j 

i 

sarson 

(January 

24-30 

February 

13-19) 

Andrena ilerda Cam. 

299 

1 25 

I 

384 ! 

23 

Halichia sp. 

22 

61 1 

112 1 

46 

A* lecena Cam. 

» 

3 1 

i 

10 

A* aateUita Nurso 

1 

1 

3 

1 1 

17 

Ualictus aaleettensis (Jkll. I 


2 

.. 1 

14 

AnArena sp. | 

1 

2 

1 1 

i 2 i 

1 

1 

2 

1 

Afidrena sp, j 

3 

1 

1 i 

1 2 ; 
1 

1 2 

A. ephippium iSpiii. var. dUeda I 
Macs. 


2 

1 

1 

9 


Six observations were made to study the duration of a polieii-colleoting 
trip. The method adopted was to keep a watch over the burrow from which 
an Andrena ilerda Cam. was seen coming out. (In all observations the 
burrow entrance was blocked with a clod which was removed when the insect 
returned). 

It will be observed from Table V that the first visit of An^ena ilerda Cam. 
(apart from the first forced return in observation II) lasted for 3 to 4^ hours. 
The material collected during this trip required 7-10 minutes to be unloaded. 
The second visit lasted for about 1-J to 2| hours, the insect taking 2-4 minutes 
td unload. The third visit was of the shortest duration for it lasted only from 
19 minutes to 1 J hours. For pollination the first visit, and to a lesser degree 
the second visit, are most important, because ‘ an examination of the anthers 
of the freshly opened flowers at about 3 p.m. showed them to be absolutely 
devoid of pollen grains which are evidently carried away by their insect visi- 
tors ’ [Ali Mohd. et al, 1931]. 
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Like Apia florea Fab. Andrena ilerda Cam. also works in a purposeful 
manner and table VI gives the number of flowers visited in one minute. 

Table VI 


Showing nuvnber of flowers visited per minute by Andrena ilerda Cam, 


Date 

1 

1 

Time of observa- 
tion 

Duration 

of 

obsorva- 

1 

1 Total 

1 nmnber 

1 of 

Number 

of 

flowers 


From 
P. M. 

To 

P. M. 

tion 

(minutes) 

flowers 
j visited 

i 



visited 
in one 
minute 

26.11-30 

1-28 

1-30 

2 

1 

1 

13 

6*6 

26-11.30 

2*46 

2-49 

3 

18 : 

6 

28.11-30 I 

1*34 

l-3() 

2 

16 

1 j 

7*5 

4.12-30 

12*15 

12-19 

4 

! 1 

33 , 

8.2 

16-12-30 

1-30 

1-33 

3 

i 26 1 

8*6 

19-12-30 ! 

2-40 

2-42 

2 

16 ! 

I 

8 

j 

27-11-31 

3-6 

31] 

5 

I 1 

1 39 i 

i ' 

7.8 

30-11-31 

M6 j 

1*17 

2 

1 ! 

7*6 

6-12-31 

M5 1 

j 

1-18 

3 

22 

7*3 

14-12-31 

12-45 j 

12*49 ! 

i 

4 

32 , 

! 

8 


Thus during favourable vcather Andrena ilerda Cam., on an average, 
visits 7 • 5 flowers per minute. 

A. ilerda Cam. is the most important insect for toria pollination, but 
being wild it is not possible to do anything with it in a practical way to ensure 
its presence, or augment its numbers, in toria fields. 

At Lyallpur the appearance of Halictus sp. in toria synchronizes with 
its {toria) flowering : it remains active in this crop until sarson flowers 
appear. Thus before the appearance of Andrena ilerda Cam. it plays the 
most important part in the pollination of toria. 

In its nesting habits it resembles Andrena ilerda Cam. It lives in small 
colonies, each member occupying a cell which is joined to the main tunnel by a 
side branch. 
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Table VII gives the number of flowers visited by Halictua in one minute. 

Table VTI 


Showing number of flowers visited per minute by Halictus sp. 


Date 

Time of obscrva- 1 

tion 

From To 

P. M. 1 P. M. 

' 

Duration 

of 

observa- 

tion 

(minutes) 

Total 

number 

of 

flowers 

visited 

Number 

of 

flowers 
visited 
in one 
minute 

17-1-30 

12-0 

12-8 

8 

20 

1 

2-5 

26-1-30 

’ 2*58 

! 3-3 

1 

5 

! 

18 

3-6 

19-2-30 

2- 10 

214 

4 

i 14 

3-5 

22-2-30 

1 . 25 

1-28 

3 

i 17 

5-6 

16-11-31 

1.30 

1*34 

4 

13 

3-2 

20-11-31 

1-46 

1-49 

3 

7 

j 

2-3 

30-11-31 

211 

217 

1 

23 


Jl 12-31 

21 

2-3 

2 

i 8 

4 


Thus during favourable weather Halictus sp., on an average, visits 3*5 
flowers per minute. 

Fam. CoLLETiD^E . — Colletes reticulata (Cam.), C, nursei Cam., and 
Oolletes sp. are the only representatives of these primitive bees which were 
taken from sarson flowers. Only six specimens were collected and this fact 
alone marks them out to be useless as pollinating agents. 

Fam. XYLoooPiDiE. — Xylocopa (N yctomelita) nasalis nasalis Westw. is 
the only representative of this family secured from toria and sarson flowers. 
It is a powerful flier producing a loud buzzing noise during flight. It is 
never abundant — only eight specimens were collected — and this fact alone 
rules it out from the list of useful pollinators. 

Fam. Ceratinid.®. — Ceratina sexmaculata Sm. is a casual visitor to toria 
and sarson flowers. It is a slow and lazy worker and its metliod of obtain- 
ing nectar is such that only the front of its head comes in contact with the 
anthers, It has no value as a pollinating agent. 
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Fam. Nomadidjb. — O f the three species collected Nomada 2 spp. are 
comparatively more abundant as is seen from the following table : — 

Table VIII 

Showing names and numbers of Nomadidce collected from toria and sarson 



during 19S0 and 1931 




j 1930 

1931 

Name 

toria 1 

(November i 
19-25 

Deoembor ! 
1-7) 

1 

1 

sarson 

(January 

13-19 

February i 
13-19) 1 

1 ! 

toria 

(November 

11-17 

Docembf^r 

7-13) 

sarson 
(January- 
24-30 ‘ 
February 
13-19)*^ 

Nomada 2 spp. 

G5 : 

3S 

103 

23 

Grodaa ramoaa Lep. ? 

1 


1 



The general appearance of Nomada 2 spp. is suggestive of Foliates hebrcma 
(Fab.) 

During November and December, they were often seen at 8 a.m. sus- 
pended from leaves of toria by their mandibles. They are poor fliers and 
always fly low to the ground. They live as parasites in the nests ol Andrena 
spp. and Halictus spp. for their larvae are fed ‘ upon the provisions originally 
destined for the progeny of the host species ’ [Imms, 1934]. They arc, there- 
fore, undesirable visitors to toria and sarson fields. 

Fam. AnthophoridjE. — Anthophora vedetta Nurse has the longest proboscis 
among the bees discussed in this paper. It prefers to feed in flowers where 
the nectaries are deep seated, e.g., ‘ taramira ’ (Eruca saliva). It is, there- 
fore, very rarely that one collects it from sarson. 

Fam. Bembecid.e. — Bembex trepanda Dahlb. is the only representative 
of this family taken from toria and sarson flowers. 

It ne.sts in the ground and shows parental care for its offspring. It 
preys upon Syipliidae, Muscidae and Calliphoridae which it supplies daily to 
its larvae. It is therefore an undesirable visitor to toria and sarson flowers. 

^ Fam. Labiidai). — Liris hcemorrhoidalis (Fab.) is the only representative of 
this family secured from toria flowers. It preys upon Aridrena ilerda Cam. 
and other bees and is therefore an undesirable visitor to toria flowers. 

Fam. PHiLANTHiD.a!. — Philanthus depredator Smith is the only representa- 
tive of this family secured from toria flowers.* Table IX gives the numbers 
of this insect collected from toria flowers during the specified weeks. 

* ft is in hibernation during the flowering period of sarsm. 
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Table IX 

Showing numbers of PhUanthus depredator Smith collected from toria 

during 1930 and 1931 


Name 

1930 

1931 

toria 

(November 

19-25 

December 

1-7) 

toria 

(November 

1117 

December 

7-13) 

Philanthus depredaior Smith 

i 

j 90 

1 

118 


P. depredator Smith is a handsome and graceful insect. It constructs 
sinuous burrows in the soil. It closes the burrow entrance before going out 
to ‘ hunt This is done by shovelling back the soil particles with its legs 
‘ in the manner of a dog digging ’. On its return the prey is at first deposited 
on the ground near to the entrance hole which is then opened and the prey 
dragged into the burrow. 

P. depredator Smith alternates its work of destruction with that of feed- 
ing on nectar. It is, however, a very slow and unsteady worker as is seen 
from Table X. 


Table X 

Showing number of flowers visited per minute by Philanthus depredator Smith 



Time of observa- 
tion 

Duration 

of 

ob.serva- 

Total 

number 

of 

Number 

of 

flowers 

Date 

From 

To 

tion I 

(minutes) 

flowers 

visited 

i 

! 

visited 
in one 
minute 

1 

20-11.30 

P.M. 

21 

P.M. 

2*3 

2 


4 

23-11-30 

216 

2-21 

6 1 

20 

4 

29-11-30 

2-16 

2-21 

6 

18 

3 6 

1-12-30 

10 

1-7 

7 

29 

4 1 

21-11-31 

120 

12-2 

2 

9 

4-5 

2711-31 

14 

1-7 

3 

14 

4-6 

30-11-31 

i 

1 

116 

1*20 

5 

23 

I 4-6 

i 
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Thus, on an average, this insect visits about four flowers per minute. 

Its main object in visiting toria flowers, however, is to prey up<5n 
Andrena Uerda Cam., and Apis florea (Fab.), etc. for provisioning its nest. 

P. depredaJtor Smith attacks a bee when it (bee) is busy collecting pollen 
and nectar, and on average takes 30 seconds (average of 12 observations) to 
paralyse it. Afterwards, it is * carted ' to the burrow in the usual Sphegid 
manner. Thus P. depredator Smith is the most unwelcome visitor to toria 
flowers. 

Fam. Vesfidje. — ^Impregnated females of PcAiates hebrcetts (Fab.) and 
Fespa orientcUis * Linn, visit toria flowers during November and Ist week 
of December. 

They are predaceous upon Apidse and Andrenidje : they feed upon their 
houey-stomachs which they obtain by biting off the thorax. They are thus 
undesirable visitors to toria flowers. 

Fam. Euubnidje. — O f the three species collected Odynerus sp. was com- 
paratively more abundant as is seen from the following table : — 

Table XI 


Showing names and numbers of Eumenidas collected from toria and sarson 

during 1930 and 1931 


Name 

1930 

1931 

toria 

(November 

19-26 

December 

1-7) 

sarson 

(January 

13-19 

February 

13-19) 

toria 

(November 

11-17 

December 

7-13) 

sarson 

(January 

24-30 

February 

13-19) 

Odynerus sp. 

1 

16 


26 


Eumenes dimidicUipennia Sauss. 

• • 

• . 

2 

. . 

Eumenea sp. 

1 

1 

•• 




Odynerus sp. is a slenderly built insect. It visits toria flowers to feed 
on nectar and pollen. Because of its smooth body it is useless as a pollinating 
agent. 

The female possesses a formidable sting. It is used to sting Lepidopter- 
ous larvae into a state of torpor for storing them in a specially constructed 
earthen cell as food for its progeny. 

Fam. SooLnoiB. — Gampsomeris thoracicuo (Fab.), G. thoracicus var. aurei- 
coUis Lep. and Scolia sp. are the only representatives of this family secured 
from toria flowers. They are rapid fliers and are difficult to catch. Dur- 
ing work they show a certain degree of persistency and fly rather than crawl, 

* It is interesting to record here that on 22-11-31 at 3-14 p.m. a Tfing crow (Diorunu 
maorocercus macrocercus Vieill.) was observed to snap at and swallow three Fespa orten- 
tarn Linn, within five minutes. • - - 
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from flower to flower. They obtain nectar like honey bees. But they are 
never abundant, therefore, their value as pollinating agents is limited. 

Fam. CHBYSiDiDiB. — Three specimens of Chryaia indica Macs, were col- 
lected from ‘ toria ’ flowers. It has a brilliant metallic green colour and 
when disturbed it rolls itself quickly into a ball. It is a parasite of Bemhex, 
Odynerua and Eumenea. 

Fam. Fobmioids. — Only two representatives, namely Cataglyphia bicolor 
subsp. Setipea (Forel), axid Meaaor barbarva (Linn.) var. inatabilia Sm. of this 
family were found visiting toria and aareon flowers to feed on nectar. 

During feeding C. bicolor subsp. Setipea (Forel) introduces its head from 
between the floral ‘ claws ’ to reach the nectaries, the body sprawling over 
the adjacent flowers. When frightened it drops to the ground. Its body is 
smooth and unfit for the carriage of poDen. 

Winged forms of Meaaor barbarva Linn. var. inatabilia Sm. visit toria 
and aaraon flowers but are never abundant. TJieir body being covereo 
with hairs is very well suited for the carriage of pollen. Therefore, they 
cannot be entirely useless as pollinating agents. 

Order Diptera 

Fam. Sybphidas. — This family was strongly represented as is seen from 
the following table ; — 


Table XII 


Showing namea and mumbera of Syrphidce collected from toria and sarson 

during 19S0 and 1931 


Name • | 

j 

i 

1930 ! 

... _ 1 

1931 

toria 

(November 

19-26 

December 

1-7) 

1 

i 

aaraon j 

(January j 
13-19 1 

February 
IS-IO)*^ 

1 

1 

toria 

(November 

11-17 

December 

7-13) 

aaraon 
( J anuary 
24-30 
February 
13-19) 

EriatalU tenax (Linn.) 

28 

1 

66 

19 

74 

E. quinquelinecUua (Fab.) 

10 

13 

18 

8 

E. ametts Scop. 

8 

7 

1 

! 11 

1 

2 

E. tamiops Wied. 

4 

4 

I 

3 

Sphceropharia indiana Big. 

3 

4 

1 4 

1 

1 

SyrphuB haUeatvs (de (3eer) 

. . 

• • 

6 

1 

Laaiopti^UB alhomac/uloUua Macq. 

1 



1 

lacModon acuieUaria (Fab.) 

3 


•• 

•• 
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Eristcdis tenax (Linn.) is a heavy bodied insect which bears a close resem- 
blance to Apia indica Fab. During flight it produces a loud hum. It is a 
graceful insect to watch on the wing, but its movements on the flowers are 
awkward and clumsy. It is a spasmc^ic worker because ‘ hovering ’ over a 
flower and sitting and cleaning itself are as important to it as feeding. 

Its modua operandi on a flower is identical with that of Apia fiorea Fab. 
described before. Its progress on flowers is very satisfactory as is seen from 
Table XIII. 


Table XITI 


Showing number of flowers visited per minute by Eristalis tenax Linn. 


Date 

Time of observa- 
tion 

Duration 

of 

observa- 

Total 1 
number 
of 

Number 

of 

flowers 


1 

j From 

! 

To 

tion 

(minutes) 

flowers 

visited 

visited 

per 

minute 

18-1-30 

P.M. 

3*6 

P.M. 

3*12 

1 

1 

7 

47 

6*7 

26-1-30 

2*7 

2*10 

3 

18 

6 

7-2-30 

1.38 

1.49 

11 

97 

8*8 

19-11-30 

12*10 

12*18 

8 

49 

6*1 

8-12-30 

A.M. 

11*4 

A.M. 

11*8 

4 

39 

9*7 

13-12-30 

P.M. 

1-68 

P.M. 

2*1 

3 

26 

8*6 

11-2-30 

1.15 

1*18 

3 

15 

5 

11-11-31 

A.M. 

10*9 

A.M. 

10*15 

6 

35 

5*8 

24-11-31 

11*11 

11*20 

9 

60 

6*6 

7-12-31 

P.M. 

1*5 

P.M. 

1*10 

5 

34 j 

1 

6*8 


Thus, on an average, it visits seven flowers per minute. 

It is found in the fields from early morning to late afternoon and is met 
with in aU types of weather. It is an important pollinator. 

The other species of Eriatalia though much less abundant are equally 
efficient as pollinating agents. Sphcerophoria indiana Big. is a small aiaad 
insect which hovers ‘ poised motionless ’ in the air over a flower before alight- 
ing. It is a spasmodic worker. 

Laaiopticua cdbomacvlatua Macq., lachiodon acutellaria Fab., and Syrphua 
baUeaiua de G. are of little significance as pollinating agents. The larvae of 
the last named, however, destroy the Mustard Aphis. 
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Fam. AQBOMYZiD-ffl. — Phytomyza atricornis Meig., a representative of this 
family, is a minute insect which is quite abundant towards the end of saraon 
season. When disturbed it shoots up in the air and looks like a dust particle. 

It is found on the wing in the mornings, evenings and on cloudy days, 
but has never been observed visiting saraon flowers. When it is sunny 
and warm it takes shelter under cover of the leaves lying on the ground or 
other suitable shady places. 

Its larvae damage saraon leaves by making zigzag whitish galleries. 
When infestation is severe every leaf may be affected. The attacked leaf 
becomes distorted, turns yellow and ultimately falls down. 

Fam. Musoid^. — S ix species, namely, Muaca domeatica nebulo vicina 
Macq., M. vitripennis Meig., M. domeatica nebulo Fab., together with three 
undetermined species of the genus Muaca are the only representatives of this 
family secured from the flowers of the two crops. 

Muaca domeatica nebulo vicina Macq. is an erratic and an unstable worker, 
and is not a persistent seeker of pollen and nectar. It also licks up stigmatic 
secretions. When feeding on nectar its body usually lies perpendicularly 
between the stalks of the stamens and the style of the stigma, but when lick- 
ing up stigmatic secretions or feeding on pollen its body usually rests on 
petals. After every ‘ feed * it may settle on the body of the observer, on bags, 
bamboos, plants, or on the ground, or may even engage in a playful ‘ combat ' 
with another 'fellow’. But it is found (along with other Muscids) in the 
fields from morning till late in the afternoon and is active both during fine 
and inclement weather. Therefore, it is safe to infer that Muscids in general 
and Muaca domeatica nebulo vicina Macq. in particular may play a minor part 
in pollination. 

Fam. CalliphoRID^. — Of the six species of this family collected Tricho- 
metallea pollinoaa Tns. was consistently more abundant as is seen from 
Table XIV. 


Table XIV 


Showing names and numbers of CaUiphoridce collected from toria and sarson 

during 1930 and 1931 



1930 

1931 


toria 

sarson 

toria 

sarson 

Name 

(November 

(January 

(November 

(January 


19-25 

13-19 

11-17 

24-30 


December 

February 

December 

February 


1-7) 

13-19) 

7-13) 

13-19) 

Trichometallea poUinoaa Tns. 

24 

14 

19 

29 

Rhinia discolor Fab. 

4 

3 

29 

6 

LucUia sericcUa Meig. 

2 

• • 

5 

1 

Ccdliphora erythrocephala Meig. 

. . 

6 


1 

Sarcophaga sp. 

. . 

. . 

5 

• • 

Chrysomyia tnegaoepihala Fab. 

1 

• • 

• * 

• • 
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TrichometaUea pMinosa Tns. feeds on nectar and pollen as well as licks 
up stigmatic secretions. Its habits and mode of feeding resemble those of 
Muaca domeatica nebtdo vieina Macq. When working seriously its rate of 
progress is fairly satisfactory (Table XV). 

Table XV 


Shomng number of flowers visited per minute by Trichometallea pollinosa Tns. 


Date 

Time of observa- 
tion 

Duration 

of 

observa- 

tion 

(minutes) 

Total 

number 

of 

flowers 

visited 

Number 

of 

flowers 

visited 

! 

minute 

From 

1 1 

To 


A.M. 

A.M. 




18-1-30 

10* 12 

10-16 

4 

18 

4-5 

21-1-30 

11-39 

11-43 

4 

11 

2-76 


P.M. 

P.M. 




25-1-30 

3.0 

3-2 

2 

B 

4 

[ 


A.M. 

A.M. 




26-11-30 

10.48 

10-63 

5 

21 

4*2 

26-11-30 

10*0 

10-3 

3 

9 

3 


P.M. 

1 

P.M. 




1-12-30 

12-30 

12-32 

2 

11 

5-5 

6-2-31 

2.30 

2-33 

3 

7 

2-3 

17-2-31 

1-7 

1-9 

2 

7 

3-6 

20-11-31 

1-18 

1-22 

4 

15 

3-75 

15-12-31 

1-17 

1-19 

2 

12 

6 


Thus it visits, on an average, 3 ■ 9 flowers per minute. 

It is a fairly useful insect as a pollinating agent. 

Shinia discolor Fab. is about the size of a house-fly, but is darker in colour 
with whitish abdomen. It hovers over a flower like a Syrphid pinned to the 
spot : it may, however, dart to one side, disappear momentarily and then re- 
appear about the same spot. During flight it produces a characteristic buz- 
zing sound. 

Its habits and mode of feeding resemble those of T. poUinosa Tns. 
Because of its numbers its value as a pollinating agent cannot 1^ questioned. 
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L. sencaia Meig., C. erythrocephala Meig., and C. megacephala Fab. are 
too few in toria and aarson flowers to be of any use as pollinating agents. 

Fam. SBPSina:. — Of the two species collected, Sepsis sp. was commoner 
as is seen from Table XVI. 

Table XVI 


Showing names and numbers of Sepsidce collected from toria and sarson 

flowers durii^ 1930 and 1931 



1930 

1931 

Name 

toria I 

(November 
19-26 
December 
1-7) 

sarson 

(January 

13-19 

December 

7-13) 

toria 

(November 

11-17 

t December 
7-13) 

sarson 

(January 

24-30 

Februarj*^ 

13-19) 

Sepsis sp. 


98 

I 3 

66 

8. sphippium Bezzi 

i 1 

. ! 

7 


2 


Sepsis sp. is a slenderly built insect. After every ‘ feed ’ it may clean 
its smooth body for as long as nine minutes before visiting another flower. It 
is a sluggish and an erratic worker but because of its abrmdance its value 
as a pollinating agent cannot be doubted. 

Fam. CoNOPiD.®. — Conops erythrocephala Fab. is the only representative 
of this family caught in November from toria flowers. Its larvae are en- 
doparasites of Avdrena and Vespa. It is, therefore, an unwelcome visitor to 
toria flowers. 

Fam. OBTALiD.a;. — Chrysomyza demandata Fab. is the only representative 
of this family secured from toria and sarson flowers. Because of its very 
small numbers, it is useless as a pollinating agent. 

Fam. CJoRDYLrBiDiE. — Only two specimens of Scatophaga sp. were se- 
cured from sarson in 1930. It is useless as a pollinating agent. 

Fam. Tbypetto.®. — Dacua zonatvs Saund. is the representative of this 
family that was secured only once from toria flowers. It is useless as a 
pollinating agent. 

Fam. Empid®. — Hilara sp. is the only representative of this family of 
predaceous flies collected from sarson which, becuase of its very rare occur- 
rence, is useless as a pollinating agent. 

Fam. Miuohiid®. — Desmometopa M -nigrum Zett. is the only represen- 
tative of this family which was collected ordy once. It is useless for polli- 
nation. 

Order Lbpidopteba 

Names and numbers of the Butterflies collected from toria are given 
below : they were never found visiting sarson flowers. 
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Table XVII 


Showing names and numbers of Butterflies collected from toria during 

1930 and 1931 



1930 

1931 

Name 

toria 

(November 

19-25 

December 

1-7) 

sarson 

(November 

1M7 

December 

7-13) 

Danaidje : 



Dattmis chrysippus (Linn.) 

6 

11 

Nymphalida!: : 



1 . Precis orithya Linn. 


1 

2. Vanessa cardui (Linn.) 

1 

2 

1 

3. Hypolimnas misippus Linn. 


1 

Pterid.® : 



1. Catopsilia crocale Cram. 

5 

7 

2. Anojihceis mescntina Cram, ^aurota Fab. 

5 

4 

3. Picris brassicce Linn. 

1 

2 

Lycaenidae : 



Polyommatvs sp. 

1 


H ESPKRIID JK : 



Badamia exclamationis Fab. 

1 

1 


The Butterflies mentioned in Table XVII above visit flowers for feeding 
on nectar. 

To oi)tain nectar a Butterfly suspends itself from petals and simultane- 
ously probes the nectaries with its extended proboscis. To reach the next 
flowers it may either ‘ flutter ’ across the entire bunch of flowers or may fly 
to it. On an average a Butterfly may visit one flower in one minute. 

Because of their hairy bodies and presence both during fine and incle- 
ment weather the value of Butterfiies as pollinating agents cannot be doubted. 
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Fam. Pybaud Ji. — NoctvMa fioralia Hubn. is the only representative 
of this family secured from toria and aaraon flowers. It is nocturnal and 
whether it visits these flowei^ in sufiiciently large numbers at night to play 
any part in their pollination yet remains to be ascertained. 

Fam. AROTnDJS. — Utetheiaa pulcheUa Linn, was about as common as 
D. chryaippua Linn. Ihuring feeding it crawls over the flowers rather slug- 
gishly ; as such its value as a pollinating agent cannot be doubted. 

Fam. Nocnnaj.®. — Eariaa inatdana (Bosid.) and Laphygma exigua Hub. 
are the only representatives of this family secured from toria and aaraon 
flowers respectively. They were evidently accidental visitors. 

A single caterpillar of Plttaia chaleytea Fab. was found damaging toria 
flowers in December, 1930. 

Fam. LYilAiiTBnD.a!. — Euproctia sp. was secured from toria flowers 
only once. 


Order Coleopteba 

Fam. CABABiDJi!. — One specimen of Pteroatichua leva Andr. — a representa- 
tive of this family of nocturnal and predaceous beetles — ^was secured in 
November. 

Fam. Nitiduud.®. — Hoptoncua lutdria Chevr. is the only member of this 
family of which two specimens were collected from toria and aaraon flowers. 

Fam. CoociNEixiD®. — Four species namely, Chilomenea aexmaculata Fab., 
CoccineUa aeptempunctata (Linn.), C. undecimpunctata Linn, and Adonia 
variegata subsp. dovMedayi Muls. of this family were secured from toria and 
aaraon flowers. They usuall;y abound in toria. 

Larvae and adults of these predaceous beetles move about actively 
among toria and aaraon flowers in search of their prey, e.g., Aphididae. The 
larvae are exclusively carnivorous, but the adults alternate their insect food 
with nectar. Therefore the greatest good they do is to destroy the injurious 
Mustard Aphis (Siphocoryne indobraaaicae Das). Also, because of their 
body structure and assiduity with which they search out their prey, their 
value in the transfer of certain amount of pollen cannot be doubted. 

Fam. DEBMBsnn®. — Attagenua bifaaciatua Oe. is the only representative 
of this family which has been secured from toria flowers. 

It feeds on nectar and as many as five of them may be found in the same 
flower. During feeding its body lies parallel to the style with its head directed 
towards the nectaries. It may remain in this position for as long as 12 
minutes. 

It visits toria flowers in January when the crop is ready to be harvested. 
This fact coupled with its sedentary habits marks it out to be useless as a 
pollinating agent. 

Fam. Mel^ dbid® (MaJachiidoe). — A single specimen of Laiva maUeifer 
Champ. — a representative of this family — ^was collected in November. 

Fam. Tebebbionid®. — A single specimen of Opatroidea vicinia Fairm.— 
a representative of this family — ^was collected in January. 

Fam. Chbysomelid®. — About six specimens of the dreaded Atilacophora 
foveieoUia Luccap. were collected from November to Febraary. This insect 
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winters over as an adult and therefore the specimens which were collected 
had evidently come out to ‘ enjoy ’ the sunshine. 

Fam. CuBOULiONiPiB. — Two specimens of Myllocerua maculoaus Desb. 
were collected in December. Like Aulacophora this insect also winters over 
as an adult. 


Order Ne!)ROptbb \ 

Fam. Ohbysopidjb. --Chrtfaopa sp. is the only representative of this 
family which has been collected from the two crops. Though useless as a 
pollinating agent, its larva does good Avork in destroying the Mustard Aphis, 
each larva killing 25-28 Aphids per day. 

Order Orthoptera 

Fam. Mantid^. — Creobroter gemmatus Stoll, is the only representative 
of this family secured from flowers. It pre3^s uijon insect visitors to toria 
and sarson flowers and is, therefore, an undesirable creature. 

Order Odonata 

Fam. LiBELLUiiiniG. — Pantala flwvescens Linn. — a representative of this 
family — ^was occasionally seen settled on toria and sarson plants. Its visits 
were purely for the purpose of preying upon insects making up the fauna 
of the two crops but what pracisely they preyed upon could not be ascer- 
tained. 


Order Thysanoptera 

Fam. Aeolothripii).®. — (?) Aeolopthrips sp. is the only representative 
of this family collected from toria and sarson flowers. It feeds both on 
nectar and sap of flowers : it obtains tlie latter substance by lacerating the 
flower tissue with its rasping-sucking mouth -parts. 

Order Rhynchota 

Fam. Pentatomidab. — The Painted Bug, Bagrada picta (Fab.), is a 
serious pest of Brassicae. It is fairly common in toria in November 
where it is seen settled on flower-buds sucking sap with its stylets. Seriously 
attacked flower-buds open badly and imperfectly. 

Dolycoris indicus Stal. and Nezara viridula (Linn.) were less abundant 
and of absolutely no value as pollinating agents. 

Fam. CoBBiDAES. — One specimen of Liorhyssus hyalinns Fab. collected 
in February from sarson was evidently an accidental visitor and as such 
useless as a pollinating agent. 

Fam. LYGAEiDiB. — One specimen oi Spilostethus pandurus (Scop.), 
Oraptostethus servos (Fab.) and Oxyoarenus laetns Kirby was collected in 
December, January and February respectively. Because of their small 
numbers Lygaeids are of no importance in pollination. 

Fam. Pybrhocorid.®. — ^The Red Cotton Bug, Dysdercus cingvlatus 
(Fab.), is very rarely met with in toria and sarson and is, therefore, use- 
less as a pollinating agent. 
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Fam. MEMBBAOiDjE. — ^The common Tree Hopper, (?) LepioctTitrvM sp 
which abounds on ‘ Sirin * (Albizzia lebbeJc) was collected only once in Novem* 
ber. 

Fam. Fulgorid^. — The sugarcane Leaf Hopper, Pyrilla perptisilla 
(Walk.), is a pest of sugarcane and wheat : the two specimens collected m 
November were evidently accidental visitors. 

Fam. Aphididab. — The common Mustard Aphis, Siphocoryne indobras- 
sicae Das. (^paendobraasicae Davis) abounds on toria and saraon. It 
congregates in enormous numbers on the stalk of the inflorescence, flower- 
buds and flowers from which it sucks vital fluids with its stylets. The at- 
tacked stalk gnarls badly and the flowers open poorly, while the pods formed 
from such flowers are misshapen and usually do not develop any seed. It 
is, therefore, a serious pest whose absence rather than presence is to be desired. 

Relative significance of the important pollinators 

A method of study. — It will be observed from the foregoing pages that 
the insect visitors of toria and aaraon flowers constitute a complex pheno- 
menon of organic activity. Some are sap-feeders, e.g., Bagradu picta (Fab.) 
Siphocoryne indobraaaicae Das. (^pseudobraaaicae Davis.), etc., some are 
predaceous upon other insects, e.g., Creobroter gemmetua Stoll., Liria haemor- 
rhoidalia (Fab.), Philanthua depredator Smith, etc., a few are parasites of other 
insects, e.g. Nomada sp., a few are accidental visitors to these crops, e.g. 
Dyadercua cingulatua (Fab.), Pyrilla perpuailla Wallt., etc., whilst a vast 
majority (particularly Hymenoptera and Diptera) visit these flowers for 
pollen and nectar. 

To study the relative significance of the insect visitors to toria and 
aaraon flowers as pollinating agents the following method was adopted : — 

Two healthy shoots of the same age were selected on an easily accessible 
plant RUd their opened and about to open flowers were nipped oflF with scissors. 
One of these shoots was used for cross-pollination by insects and the other 
as control. The flower-buds were carefully examined for Thrips and other 
small insects. Each branch was then enclosed in a muslin bag (30 in. by 
16 in.) big enough to provide ample space for its growth. The top of the bag 
was fastened to an inverted L shaped bamboo stick hammered in the 
ground. The bags thus secured are able to stand a casual storm which may 
occur during the growing season of toria or aaraon. Six insects were 
introduced daily between 12 noon to 2 p.m. into each bag. These insects 
were captured in glass tubes and immediately put into the bags from the 
upper end. At the close of each experiment all the unopened flowers en- 
closed in a bag were nipped off and the bag tied up in the usual manner so 
as to allow the seeds to mature. In due course the plants were harvested 
and the seeds formed in each pod were counted. The results are presented 
in Table XVIII. (Only a typical example is given in each case). 

It will be observed from Table XVIII that the largest number of 
normal seeds per pod was found in bags with Andrena ilerda Cam. and Apia 
fiorea Fab., while the lowest number of seeds was formed in bags with Sepaia 
sp. and Trich^ometallea pollinoaa Tns. 

It will also be observed from Table XVIII that the average number of 
normal seeds formed per pod in the case of the experimental plants was 
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Table 

Showing names and nwmbere 


Tarta iiowei* 

(14-12-1081) 

8-40-<0hrB. 

0— lOhrs. 

10—11 hrs. 

11—12 his. 

Infloniceiioe with 18 
flowers 

TriehanuMiea 
poUinota 1 

RMniaditeUor . 1 

AndfWta iUrda . 2 

Andrenaihfda . i 

ApiiJlofM . 2 

Afiitoa sp. 1 

Afdhophora 
veMa . . 1 

A msrked flower of the 
sbove i&floreaoenoe 

Triehomddttea 
pottinoia 1 

! 

1 

Andrmailerda 2 

Anthophora 
ttdeUa . 2 

... 

Single flower, otben 
cupped off*. 

1 


i 

... 

1 

1 

i 

1 

i 

‘ 

AndfBna ilerda . 8 

Afidftna iUrda . 5 

Mutea domstUea 
nebulo 1 

£rifhi2it sp. 1 

Triehometallsa 
poUinota 1 

iflof ton flowers 

(10-2-1081) 

Infloresoence with 20 
flowers 

BriHalit sp. 2 

SipsU sp. . .1 

Mutea Sp. 5 

S9P$i9 Bp. . *31 

Salictus 8p. 1 

Ifttico Sp. 5 

Sepsit sp. . .1 

ApUfiorea 8 

Soptit sp. . 4 

Andrtfia iltrda . l 

A mtrked flower of the 
nboTe infloreseenee. 

... 

Siptii sp. . .8 

Halidus sp. 1 

Apitfiorta 2 

Stngi» flower, others 
capped off. 

Mmea sp. . 2 

RkMmdUeoior . 1 

Bfittalii sp. . i 

... 

Apitfiorea . 2 

Soptit sp. . .1 
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XX 


of insects visiting between 


18—18 hr*. 

! 

18—14 hr». 

14—15 hTB. , 

1 

I 

1 

1 15—16 hrs. 

16—17 hrs. 

And/rtnaiUrd^i 

18 

Artdrena ilerda . 

28 

Andrena ilerda . 

1 

25 1 

1 

Andrena ilerda . 

8 

Sphaerophoria 
Indiana . 

1 

Apitflorea . 

8 

Halieius Bp. 

1 

Chryeomyza 

demandataxa 

1 1 

Apiefiorea 

2 

Anthophora 

vedeUa 

1 

Erisialii^tp, 

2 

Apiefiorea 

1 

Mueca Bp. 

1 ! 

Mueca Bp. 

2 



Muica Bp. . 

1 

Mueca domeetiea 
nebulo 

1 



Erietalie Bp. 

2 




i 

! 

Hhynehata 

1 


1 

PhUanthue depre^ 
dator 

1 



.... 

1 

Andrena ilerda . 

4 

Andrena ilerda . 

8 J 

PhilarUhue depre- 
dator 

1 




1 

Apiefiorea 

1 







Andrena ilerda 

! 

3 

Andrena tlerda . 

10 

Andrena ilerda . 

4 , 

Andrena ilerda . 

I 

4 

Ehinia diecclor . 

1 

1 



Apiefiorea 

3 

Apiefiorea . 

2 , 

Apiefiorea 


1 

i 



i 

1 

j 




I 

ErieUUie Bp. 

1 

1 

i 

1 

1 

) 

I 


Apitforea . 

17 

' Apiefiorea 

21 

Apie fiorea 

21 

A, fiorea 

9 

1 

1 A. fiorea . 

2 

SBpnf Bp. 

7 

1 Halietw sp. 


Sepeie Bp. . 

8 

Sepeie Bp. . 

6 

1 Sepeie Bp. . 

2 







Mueca ep,. 

2 

! 


Musea Bp. . 

2 j 

1 7'riehometallea 
! poUiniaea 

2 

A. ilerda . 

2 

A . ilerda . 

1 

i 


Andftna ilerda 

2 i 

\ Sepeie tp. . 

2 

Halietue Bp. 

1 

Helietue Bp. 

1 

1 

( 


Hatietat Bp. 

2 

1 Andrena ilerda . 

1 

Mueca Bp. 

1 



j 




1 ErieUUie Bp. 

1 

Erietalie Bp. 

1 





ApUJlorea . 

1 

j Apiefiorea 

3 

A. fiorea . 

3 

... 


! A. fiorea . 

i 

2 

Andrena ilerda 

1 

" ■ 

\ 

1 Ar^rena ilerda . 

1 

Halietue Bp. 

1 



I 

1 


A. ftorea 

4 

A.Jlorea . 

6 

A. fiorea . 

3 

A. fiorea . 

3 

! Mueca Bp. 

j 

1 

A, ilerda . 

1 

A. ilerda . 

2 



A, ilerda . 

1 

1 

1 


Sepeit Bp. . 

1 

Sepeie Bp. . 

2 





! 

i 
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considerably below that of the free-flowering plants. This was to he expect- 
ed. When introduced (or rather * imprisoned *) in a bag an insect flew about 
excitedly so as to discover an exit for Escape. By the tiine it settled dowii 
very little pollen was left on its body to ensure complete pollination. 

Table Xyi|I (Control bags) also shows that toria and sareon plants 
are not entirely self-sterile for a certain amount of self pollination does take 
place in these two plants. This corroborates the observations of Ali Mohd. 
et oZ. [1931]. 

Table XIX gives the total number of insects collected during November* 
March, 1930 and 1931, as well as the names of those insects which pre- 
dominated amongst the insect visitors, the rest being lumped together 
under their respective orders. Numbers and percentages, however, are given 
in all oases. 

A study of Table XIX justifies the following conclusions : — 

1. Andrena ilerda Cam. constitutes 40-44 per cent of the insect visitors 

to toria flowers. In aaram it makes up 3-5 per cent only of 
the insect visitors. 

2. Apis florea Fab. constitutes 49-52 per cent of the visitors to 

sarson, but only 16-17 per cent to toria flowers. 

3. The population of Halictus sp. in the two crops varies from 4-10 

per cent. 

4. Eristalis spp. and TricJiometallea pollinosa Tns. are the only re- 

presentatives of Diptera that visit toria and sarson flowers 
uniformly and regularly. Between themselves they constitute 
3-13 per cent of the insect visitors to these flowers. 

6. Although the body of Sepsis sp. is smooth, but because of its abund- 
ance its value as a pollinating agent cannot be doubted. 

6. Other insects because of their small numbers, cannot be considered 
as important poUinators. That they do effect a certain amount 
of pollination, cannot, however, be doubted. 

Hourly frequency of the insect visitors 

Observations were made on the hourly frequency of insect visitors to 
toria and sarson flowers from 8th December 1931 to 14th December 1931 
and from 11th February 1931 to 19th February 1931 daily for 8 hours and 
20 minutes. The results of two such observations (one for toria and one 
for sarson are given in Table XX. The method adopted was the same 
a« described by Ali Mohd. et al. [1931]. 

It is seen from Table XX that : — 

1. Before 10 a.m. toria and sarson flowers are mostly visited by 

Dipterous insects, while after 4 p.m. both Dipterous and Hy- 
menopterous insects are present in almost equal numbers. 

2. Hdlietus sp. begins its visits after 9 a.m., Andrena Uerda Cam. 

after 10 A.M., and Apis florea Fab. after 11 a.m. From 11 a.m. 
upto 4 P.M. these three insects completely outnumber all other 
insect visitors. (These generalizations are confirmed by tbo 
remaining 14 ol^rvations as well). 
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Summary 

The insect visitore to tona and aaraon flowers were collected for 131 day® 
during November to February in 1930 and 1931, at LyaUpur. This collec* 
tion includes 105 different species representing 66 families of 9 Orders of the 
Class Insecta. The habits and usefulness of these insects are discussed and 
it has been found that Apia florea Fab., Andrena iUrda Cam., Halietna sp. 
and Eriatalia tenax Linn, are the most important pollinators. 

A study of the hourly frequency of the insect visitors also confirms this 
conclusion. 

Philanthua depredator Smith. — ^An insect predaceous upon bees — (in 
its relation to Indian bees) is brought to light for the first time. Its habits 
and capacity for destruction of beM are described. 
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I T was observed in Part I of this series [ Acharya and Subrahmanyan, 
1939 ] that previous studies carried out at Bangalore and at other centres 
showed that considerable losses of nitrogen and of organic matter occur in 
the aerobic methods of composting, as ordinarily practised in this country, 
and that such losses are particularly great while composting street-sweepings 
with nightsoil. Preliminary trials reported iii Part I gave hopes of mini- 
mizing the above losses to a considerable extent by adopting the hot fermenta- 
tion process, wherein the air supply is cut off after five or six days and the mass 
is allowed to ferment anaerobically for about three months. The various 
factors which go to control the efficacy of the hot fermentation process have 
been studied in detail and the results obtained have been reported in Part II 
[ Acharya, 1939 ]. Having standardized the conditions of the process, it 
appeared advisable to verify the soundness of the preliminary indications 
reported in Part I, by carrying out comparative tests of the aerobic and 
hot fermentation process under controlled conditions on a uniform type of 
material and on the large scale, 

Roigi straw was chosen for the initial trials, with a view to secure uni- 
formity of material and minimize errors in sampling, but in the later experi- 
ments street sweepings, screened into the ‘ organic ’ and ‘ soil ’ fractions 
were used. Different starters such as ammonium sulphate, cattle dung 
and urine and nightsoil were tried. The experiments were first carried out 
in the laboratory in glazed jars, then outdoors in cement-coated concrete 
cisterns (2 ft. cubes) and finally on the large scale in trenches and overground 
lieaps. 

The raw materials used in the experiments had the average chemical 
composition shown in Table I. 

I and II of this series ap{>eared in Ind. J. Affric. Set- 9, 741 — 4 and 817—88 
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Table I 

Analyaia of raw materiala used 



Ragi straw 
per 100 gm. i 
(simdrled) 1 

1 

, 

Cattle dtmg 

1 per 100 gm. 

1 (fresh) 

1 

1 

Cattle urine 
per 100 c.c. 
(diluted) 

Nightsoil { 
per 100 gm. i 
(fresh) ! 

Street sweeping soreened 
Into 

CoDftfttaeatB 

Leaves 
fraction 
per 100 gm. 
(air-dry) 

Soil fraction 
per 100 gm. 
(air-dry) 


1 gm. 

1 gm. 

gm. 

gm. 

gm. 

gm. 

1. Dtj matter 

04*08 

! 20*02 

1 

0*800 

10*50 

00*40 

07*60 

2. Aib free organic matter 

. ; 88-27 

! 

i 16-U 

0*850 

! 

15*80 

64*80 

8*20 

8. Oiflion 

1 

. ' 88*22 

i 

6*80 

0*247 

0*80 

80*71 

8*07 

4. Kttrogeii 

0*60 

0*278 

1 

0*102 

1*10 

1*28 

0*24 

6. Aih and non-volatUee 

8*71 

4*01 

1 0*460 

4*20 

88*J0 

01*80 

•« Moictiire . 

602 

70*08 

9»m 

' 1 

80*60 

0*80 

2*50 

1 


Jar experiments 

Bagi straw, cut into small bits i in. to 1 in. long, was taken up for de- 
composition, using nightsoil as the starter. Varying quantities of nightsoil 
necessary to secure different initial C : N ratios of the composts, as ^own. 
in Table II, were weighed into porcelain dishes, the quantities of water i^own 
in the above table were added, the whole well mixed and added in portions 
to the jars containing ragi straw so as to promote uniform admixture. The 
initial C : N ratios thus obtained were 40 : 1, 30 ; 1, 20 ; 1 and 15 : 1. 

Table II 


Jor experitnents 


C : N Ratio 
(ai^proxiiiiate) 

Ragi straw taken 

Nightsoil 

^ded 

(fresh weight) 

1 

Water added 

1 


gm. 

gm. 

0.0. 

40 : 1 

200 

80 

1 335 

SO : 1 

200 

160 

1 220 

j 

ao: 1 

1 

200 

300 

190 

16 : 1 j 

200 

600 

130 
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One series was allowed to ferment aerobically in shallow wide jars and 
the samples were turned over once in 10 days and moistened with water, 
so as to keep the mass moist to the touch, but not to such an extent as to 
allow any water to accumulate at the bottom of the jar. A parallel series 
was allowed to ferment by the hot fermentation system. The jars were 
left undisturbed for rix days, at the end of which period the samples were 
pressed down and covered over with a layer of mud paste and over it a layer 
of earth. At the end of three months, both series were taken out and the 
contents dried at 50“ — 60“C. weighed, powdered and analysed for dry matter, 
carbon, nitrogen and ash according to the methods followed in Part II of 
this series. 

The percentage composition of the samples obtained in the two series 
at the end of composting and their C : N ratios, are shown in Table III. It 
is sometimes the practice to judge the over-all efficiency of a composting 
process by reference to the analytical composition of the final compost ob- 
tained. While this criterion may be the deciding factor in comparing pro- 
cesses, one of which produces a compost of low manurial value (say with a 
nitrogen content less than 0'6 per cent on dry matter) and another which 
produces a compost of high^manurial value (say, with a nitrogen content of 
two per cent or over, on dry matter), it cannot be considered to have the same 
value in cases where both the processes under comparison yield composts 
above the average quality (i.e. over one per cent nitrogen on dry matter). 
In such oases, the efficiency of a composting process can best be judged, by 
taking into consideration the total quantity of manure obtained and the total 
recovery of manurial constituents such as nitrogen and organic matter secured 
in the different processes. 

The possibiHty of arriving at misleading inferences by relying solely on 
• the former system of judging the efficiency of a composting procedure will 
be evident from a reference to Table III. The analytical data presented 
therein would lead one to infer that the aerobic method of composting is 
more efficient than the hot fermentation process, since it yields a manure of 
better quality, containing a higher percentage of nitrogen. In three out of 
four comparisons (i.e. except at initial C : M ratio of 15 : 1) the lutrogen 
content of the aerobically prepared manure is definitely higher than that of 
hot fermented Compost. The C : N ratio of the composted material is also 
narrower in the former case. But as pointed out in the last paragraph, 
these indications must be judged in conjunction with the total quantities of 
manure obtained in the two cases and the corresponding recoveries of nitrogen 
and of organic matter obtained. The importance of this latter consideration 
will be evident to the farmer who aims at getting the maximum yield of good 
quality manure from the raw materials he is starting with. 

It will be noted from Table III that the quality of the manure obtained 
by the hot fermentation process is quite satisfactory, since the nitrogen 
content of the compost is 1 * 96 per cent on dry matter, even when the initial 
C : N ratio of the raw material was 40 : 1 . The C ; N ratio of the final compost 
varies from 20 : 1 to 10 : 1 depending on the quantity of nightsoU added. 

The deciding advantage in favour of the hot fermentation process lies 
in the much lar^r amount of manure obtained by that method end the pinoh 
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higher reooTeriea of nitrogen and organic matter secured, as compared with 
the aerobic methods. The relative data bearing on this point are presented 
in Table IV. In the aerobic methods, the yield of manure (dry weight) 
obtained is of the order of 30 to 38 per cent, while in the hot fermentation 
process it ranges from 45 to 52 per cent, i.e. nearly times as much. A 
similar relationship reflects itself in the recoveries of organic carbon. 

Table III 


Jar experiments with ragi straw — analysis of composts 


Initial C : N ratio 

of 

AnalyaiB on dry matter 

Final G : N 

oompoatlot 


Aflh free 
organic 
matter 

Carbon 

Nitrogen 

ratio of 
oompoat 

Aerobic method 

C ; N ratio 40 : 1 

per cent 

74»90 

per cent 

36*67 

per cent 

2*83 

12*96: 1 

Do. 30 : 1 . 

• 

74 09 

39*46 

3*03 

13*03 : 1 

Do. 20 : 1 . 


SS.gP 

35*40 

3*26 

10*85 : 1 

Do. 16 : 1 . 

• 

67*39 

34*73 

3*28 

10*60: 1 

Hot fermentation 

C : N ratio 40 ; 1 . 

method 

82*77 

39*45 

1*96 

1 

! 

! 20*16:1 

Do. 30 : 1 . 

• 

80*97 

39*31 

2*40 

i 16*36:1 

Do. 20 : 1 . 

• 

79*26 

36*02 

2*87 

12*64: 1 

Do. 16 : 1 . 

• 

76*63 

i 

33*62 

3*40 

9*90 : 1 


The economy of nitrogen conservation in the two cases is of particular 
interest, since nitrogen is the most important manurial constituent present 
in composts. Where the initial C : N ratio of the compost material is 40 : 1, 
there is little to choose between the two systems of composting in regard to 
nitrogen conservation. Both are equally efficient in conserving over 96 
per cent of the nitrogen originally present in the raw materials. When the 
C : N ratio is brought down to 30 : 1 or narrower, the hot fermentation proces.< 
is found to conserve the original nitrogen better than the aerobic methods. 
The difference in efficiency between the two methods becomes more marked 
as the C : N ratio gets narrower. 

In interpreting the data contained in Tables III and IV, it must be 
borne in mind that the raw material used in the present experiments is ragi 
ybcKWf which o<Hitaui8 a high percentage of readily decomposable constituents 
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8i;ioh as hemicelluloses and cellulose. The choice of such a carbonaceous 
material offers the optimum conditions for maximum conservation of nitrogen 
in the system under aerobic conditions of composting, since microbial de- 
composition of the carbonaceous groups is accompanied by a simultaneoiib 
stabilization or fixation of the labile nitrogen in the form of microbial bodies. 
If less readily decomposable materials than straw be used, as is often the 
case in farming practice, the conservation of nitrogen in the aerobic system 
may be expected to be less than the figures given in Table I V and the differences 
between the ^ hot fermentation * and ‘ aerobic ’ results may be expected to 
be greater. 

It is noteworthy that in the hot fermentation process as much as 82*71 
per cent of the nitrogen is conserved even when the initial C : N ratio of the 
compost lot is as narrow^ as 20 : 1 . This is of particular significance while 
dealing with the composting of town wastes such as street sweepings and 
nightsoil. As is evident from the figures given in Table I, the C : N ratio 
of street sweepings ranges from 20 : 1 to 25 : 1. Street sweepings in India 
possess generally a narrow^er C : N ratio than in w estern countries, on account 
of the prevailing practice of using leaves as dinner plates in many parts of 
this country and on account of the considerable amounts of dung and even 
human excreta which find their way into the sweepings. As such, a mixture 
of street sweepings and night-soil, under the conditions prevailing in most 
of our municipalities, has a C : N ratio between 20 : 1 and 15 : 1. The 
position is aggravated in places where the quantity of sweepings available 
for composting purposes (especially the organic matter fraction of sweepings) 
barely exceeds the weight of nightsoil collected, by the municipality. In 
such cases, very heavy losses of nitrogen may be expected to occur under 
aerobic methods of composting. The losses could be minimized considerably 
by adoption of the hot fermentation process. 

Semi-large scale EXPERIME^’TS with ragi straw 

The jar experiments were followed by experiments on the semi-large 
scale, using 1000 lb. lots of ragi straw and comparing different starters such 
as minerals, cattle dung and urine and night-soil. The ragi straw'^ w^as cut 
into bits 6 in. to 8 in. long before use. The mineral starter tried was a mixture 
of 40 lb. commercial grade ammonium sulphate (92 per cent purity), 60 lb. 
calcium carbonate (ground (dialk) and 5 lb. superphos})hate, for every 1000 lb. 
of straw. The constituents were w ell mixed and 1/20 portions were sprayed 
over every 50 lb. of straw’ added to the compost heap, along with five to six 
gallons of water to wet the material completely. ^J'he quantitj?^ of ammonium 
sulphate added corresponded to about 0-78 per cent nitrogen on the straw, and 
is approximately near the figure of 0-75 per cent N found to be optimum by 
Hutchinson and Richards [ 1921 ] for the rapid rotting of straw. Calcium 
carbonate was added to neutralize the acidity produced from ammonium 
sulphate and super phosphate as well as from the straw. The retentive 
capacity of straw for water is low% as has been observed by several workers 
previously, and hence it was found adAisable to split up the quantity of 
water added, by adding 6 gallons per 50 lb. of straw at the beginning and 20 
gallons of water to the 1000 lb. lot two or three days afterwards. 
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In the case of the straw-nightsoil composts, 76 lb. lots of nightsoil (ficesh 
weight) were mixed with flfve to six gallons of water and added to 100 lb. of 
straw in portions at a time so that the whole was uniformly mixed. The 
operations were continued till all the 1000 lb. of straw had been added. It was 
not necessary to add further water in this case, except in the aerobic methods 
of composting. The amount of nightsoil added corresponded to 0*826 per cent 
nitrogen on the straw, which is slightly higher than the ‘ nitrogen factor ’ 
of straw (0*76 per cent N), as found by Hutchinson and Bichwds [1921] 
but then the nitrogen in nightsoil is in organic combination and may not be 
so readily or completely available for microbial utilization as the inorganic 
salts. 

In the third series of experiments, difSculty was experienced in adding 
cattle dung and urine enough to supply 0*76 per cent of nitrogen on the 
straw, sinoe dung contained only about 0*27 to 0* 28 per cent nitrogen on the 
fresh weight and the cattle urine available locally was found to be diluted 
with water and contained only about 0* 1 lb. of nitrogen for every ten gallons 
of urine (Table I). Usually about 20 to 26 lb. of dung are added for every 
100 lb. of waste material taken for composting, and the amount of water 
(or urine) that can be retained by 100 lb. of dry waste material will be roughly 
about 10 gallons. These amounts of dung and urine will supply only about 
0*17 per cent of nitrogen on the straw. In order to increase the quantity 
of nitrogen added, 100 lb. of dung and ten gallons of urine were added for 
every 100 lb. of straw. The dung was mixed with the urine in a drum and 
the straw was added in portions into the drum, stirred well in order to ensure 
complete wetting with the dung-urine solution and then added to the compost 
heap. The operations were continued till aU the 1000 lb. of straw had been 
similarly treated. The amount of nitrogen so added by the dung and urine 
was about 0*38 per cent on the straw, — only half the required amount. It 
was not found possible to increase this amount further except by adding 
urine again at later stages, which was not feasible since the hot fermentation 
heaps were closed anaerobically after six days. Since the mass was sufficiently 
moist and retained its moisture well, in contradistinction to the case where 
minerals were added, further additions of urine were not possible even during 
the above period of six days. 

The following gives an outline of the different treatments that were taken 
up for comparison : — 

A. Ragi straw plus minerals {ammonium sulphate, calcium carbonate and 

superphosphate) 

I. Hot Fermentation in bricklined and cemented trenches 4 ft. 
deep, feet broad and 10 ft. long. 

II. Hot fermentation in earthen trenches, unbricklined, of the 
above dimensions. 

III. Aerobic method in shallow wide trenches, 2 ft. deep and 14 ft. 

square. 

IV. Aerobic method in overground heaps. 

B. Ragi straw plus nightsoil — 

V. Hot fermentation in earthen trenches, unbricklined. 

VI. Aerobic method in oveiground heaps. 
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C. Bagi strofo plus catUe dung and wine — 

■^1. Hot Fermenttation in earthen trenches, unbricklined. 

VIII. Aerobic method in overground heaps. 

Each trial was carried out in duplicate. In the hot fermentation system, 
the mass was allowed to decompose aerobically for five to six days. Tempera- 
ture measurements were made to ensure that there was a satisfactory rise of 
temperature during this period. In the case of nightsoil composts, the tem- 
perature rapidly rose to 66°-70°C. at the end of four days. The dung-urine 
composts followed up with temperatures of about 60°C. at the end of the 
above period. In the case of the heaps treated with minerals, the onset of 
the decomposition was much slower, apparently due to the slowness with 
which the lignified straw got saturated with the mineral solutions employed. 
The delay in decomposition might also have been due to the absence of a 
vigorous microflora in the early stages. Dung and nightsoil are well known 
to be powerful inocula carrying the necessary organisms for decomposing 
cellulose and hemicelluloses. The rise in temperature in the compost treated 
with minerals was, therefore, slower and irregular. 

The hot fermented composts, using dung or night soil as starter, were 
pressed well and covered over with a layer of mud paste two to three in. thick 
at the end of a week. Over the mud paste cover, a layer of loose earth three 
to four in. deep was spread, to close any cracks forming in the paste layer 
below. The hot fermented compost treated with minerals was packed after 
ten days from the start, since the initial fermentation was slower in this case. 
The parallel heaps, undergoing aerobic fermentation, were given turnings 
once in ten days and moistened to the extent necessary to keep the mass moist 
to the touch. The amount of water so added averaged about 20 gaUons 
per heap at every turning. 

At the end of three months, all the compost lots were opened out, care- 
fully discarding the earth at the top of the hot fermentation trenches, and the 
composts were spread out uniformly on platforms which were brickhned and 
plastered. It was noticed that whereas the aerobically treated composts 
had become dark-brown and had broken dowm to small bits, the hot fermented 
composts were much lighter in colour and still retained the original shape 
of the straw pieces. The lighter colour was probably due to the exclusion of 
air, since the mass rapidly turned dark -brown on exposure to air. The colour 
change is probably enzymic. As regards texture, the hot fermented composts 
retained the original shape of the straw since they were not disturbed by 
being turned over, as in the aerobic method. The material, however, was 
well decomposed, as shown by the chemical data presented in Table VI and 
it readily broke down to pieces and was well incorporated in the soil by one 
ploughing. 

After spreading the compost lots uniformly on bricklined platforms, 
composite samples were taken for analysis by mixing a number of small 
samples taken at different spots. The residual mass was weighed and stored 
in closed cisterns for use in field experiments later. The composite sample 
taken for analysis was weighed, dried at 50-60°C. and again weighed. A 
portion was taken for moisture determination at 100®C. and the residue was 
powdered and analysed for carbon, nitrogen, ash and dry matter. From 
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the values so obtained, the total amounts of dry matter, carbon, nitrogen and 
ash recovered in the whole quantity of the compost was calculated. The 
analytical methods used were the same as those adopted in Part I. 

The data obtained are presented in Table V. It will be noticed from the 
above Table that the amount of ash recovered in the case of the cement lined 
trenches (Treatment I) is almost the same as that originally contained in the 
compost material at the start, including the added minerals. But in all the 
other treatments, viz., II to VIII, the amounts of recovered ‘ ash ’ are con- 
siderably above those present at the start, the difference in some oases going 
upto 500-600 per cent, of the original value. The difference is smaller in the 
case of the hot fermentation trenches, where the compost mass has not been 
disturbed during the process of composting, it is greater in the aerobic method 
carried out in trenches and is greatest in the aerobic method overground. 
The increase in apparent ‘ ash * is no doubt due to admixture of the compost 
with the surrounding soil and the admixture is greatest in the case of over- 
ground heaps which are turned over a number of times. Part of the ad- 
mixture is brought about during the operation of turning the heap, but a 
good portion is also brought about by the agency of worms developing in the 
compost heap. 

The large amounts of soil that are thus admixed with the compost are 
likely to vitiate the inferences drawn from the analytical results, unless due 
correction be applied for the amount of soil so admixed and the carbon and 
nitrogen contents of the added soil. Thus the figures given in Table V w^ould 
lead one to infer that a better recovery of dry matter, representing a larger 
quantity of manure, is obtained by the aerobic method of composting (Treat- 
ments III, IV, VI and VIII), then by the hot fermentation system. Since 
the organic matter and nitrogen contents of Indian soils are low, the figures 
given for the recovery of ash-free organic matter, carbon and nitrogen in 
Table V are vitiated to a smaller extent than those for the recovery of total 
dry weight of manure. 

A correction could be applied for the extraneous soil admixture, by 
analysing the soil near the locality where the composting is carried out, for 
its content of ash -free organic matter, carbon, nitrogen and the ‘ mineral ' 
nonvolatile fraction. By considering the excess of ‘ ash ’ recovered in 
Treatments II to VIII as representing the above ‘ mineral ’ fraction of the 
admixed soil, the corresponding corrections for total dry matter, ash-free 
organic matter, organic carbon and total nitrogen can be calculated. These 
values have to be deducted from the corresponding values given in Table V. 

The data so corrected for * admixed soil * are shown in Table VI and 
present a truer picture of the changes undergone by the raw materials under 
the diflTerent systems of composting. It will be noted therefrom that the 
hot fermentation system gives a much higher yield of dry matter than the 
aerobic methods, I'anging from IJ times to twice as much. The recoveries 
of ash-free organic matter and of carbon by the aerobic method are parti- 
cularly low in the case of straw (being only 20 to 28 per cent, for heaps over- 
ground), sinos straw is rich in easily oxidizable carbonaceous groups such 
as the hemicelluloses and cellulose. In such cases, the difference in the 
relative efficiencies of the hot fermentation and aerobic methods shows itself 
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in an accentuated form, bo far as the recovery of ash-free organic manure 
is concerned. In the present instance, where nightsoil had been used as the 
starter, the recovery of ash-free organic matter by the hot fermentation process 
is over thrice that obtained by the aerobic method. Though similar dijB’erences 
may not be obtained while dealing with more resistant types of waste material 
such as farm wastes or street sweepings, it is evident that appreciably higher 
recoveries of organic matter could always be expected from the hot fermenta- 
tion method. 

The conservation of nitrogen also is more efficiently secured in the hot 
fermentation method than in the aerobic methods, though the relative 
differences are not of such high magnitude as in the case of organic matter. 
The conservation is best in the case (Treatment VII) where dung and urine 
had been used as the starter, but in this case it must be remembered that 
the amount of nitrogen added in the starter was only about half the ‘ nitrogen 
factor ’ of straw. This would go to a great way to explain the very high 
recovery (92*12 per cent.) of nitrogen obtained in the above treatment. For 
the same reason, the recovery by the aerobic method also is fairly high (74*71 
per cent.) But in cases where the nitrogen added in the starter is equal to 
or exceeds the ‘ nitrogen factor * of straw, as in Treatments I to VI the 
losses in the aerobic methods become greater and the superiority of the hot 
fermentation process becomes more marked. 

Table VII shows the percentage composition and the C7N ratio of the 
composts prepared by the different methods. While the contents of ash* 
free organic matter and of carbon are generally higher in the hot fermented 
composts, the nitrogen percentage is generally lower. This is due to the fact 
that, though the nitrogen conservation is better in the hot fermentation 
process the conservation of organic matter is higher still. This is reflected 
in the C/N ratios of the composts obtained by the two methods. The ratio 
ranges from 22 to 26 in the case of the hot fermented compost, while it is 
narrower, viz. from 13 to 15 in the case of aerobically prepared composts. 
Considering the fact that the initial C : N ratio of ragi straw' was 76 : 1, the 
final ratios obtained in the hot fermentation process should be considered to 
be satisfactory. It is generally agreed that materials with C : N ratios of 
20 1 and narrower can be safely put on land without showing any adverse 
effects ; on the other hand, they serve to increase the available nitrogen in the 
soil (Waksman, 1936). In view of the fact that changing the C : N ratio 
from 20 : 1 to 12:1 or narrower still means, under practical conditions of 
composting, a simultaneous loss of carbon and nitrogen (Table VI) both of 
which are of importance in increasing soil fertility, it would obviously be 
preferable to stop the com}>osting at the C : N ratio near 20 : 1 as in the hot 
fermentation process, and allow the rest of the decomposition to take place 
in the soil itself. The practical value and economic advantage of adopting 
this procedure can only be verified by actual field trials. A detailed account 
of the field trials that have been conducted with composts prepared by 
the hot fermentation and aerobic methods will be presented in a later com • 
munication, but it may be stated at this stage that the above trials have 
fully borne out the practical utility of stopping the composting at the earliei 
stage represented by the hot fermentation process and thus conserving the 
nitrogen better. 



Tablb V 

Semi-large, scale experiments with ra^ straw— recoveries of major constituents 
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Semi-large scale experiments with ragj straw — recoveries of constituents after correction for soil contamimatwn 
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Tablb VII 


Semi -large scale experiments with ragi straw — analysis and C IN ratio of 

composts 



Initial 
C/N ratio 

Analysis on dry material 

Final 

Materials and method of 
composting 

of 

compost 

lot 

Ash free 
organic 
matter 

Carbon 

Nitrogen 

C/N ratio 
of 

compost 

Bagi straw Am. sulphate 


per cent. 

per cent. 

per cent. 


I. H. F. in bricklined 
trench. 

29*83 : 1 

84*98 

36*61 

1*651 

22 *17 : 1 

II. H. F. in earthen 
trench unbricklined. 

29*83 ; 1 

84*26 

36-67 

1*685 

21*77 : 1 

IT. Aerobic in shallow 
trench. 

29*83 .* 1 

76*86 

37*91 

i 

2*000 

1 

18*95 : 1 

IV. Aerobic in heaps over- 
ground. 

Bagi straw -{’Nightsoil 

29*83 : 1 

69*37 

35*52 

i 2-324 ! 

j 1 

j 

1 

15*29 : 1 

V. H. F. in earthen 
trench. 

34 *10 : 1 

82*19 

35*06 

' 1*563 

22*57 ; 1 

VI, Aerobic in heaps over- 
ground. 

Bagi straw + Dung -{-Urme 

34 - 10 : 1 

60*47 

i 

29*69 

i 

2*315 

1 

1 i 

1 1 

! 12*78 : 1 

1 

1 

1 

VII. H. F. in earthen 
trench. 

51*31 : 1 

78*62 

32*72 

1*237 j 

26*45 : 1 

VIII. Aerobic in heaps over- 
groimd. 

61*31 : 1 

60*46 

24*95 

1 

1*843 

13*54 : 1 


Cistern experiments with town refuse 


As stated in an earlier paragraph, straw is a highly carbonaceous material 
which shows in an accentuated form the differences between the two systems 
of composting under comparison, and it seemed therefore advisable to repeat 
the experiments using a more resistant material such as town refuse, in place 
of ragi straw. In order to secure a certain degree of uniformity in the lots 
taken for the different comparisons, the sweepings were sieved through an 
expanded metal sieve set at 6/8 in., into a fraction, which consisted mostly 
of soil and ash, and another fraction consisting mostly of leaves, paper and 
other organic materials. Under Indian conditions, where there is plenty of 
vegetation in towns, the second fraction consists mostly of leaves. For 



Ill] COMPOSTING TOWN REFUSE AND OTHER WASTE MATERIAL, III 4«1 

convenienoe of nomenclature, the two fractions into which the street sweep- 
ings are sieved are designated respectively as the * soil ’ and * leaves ’ 
fractions. The average chemical composition of the two fractions is shown 
in (Table T). 

The experiments were carried out in the first season in cement-coated 
concrete cisterns 2 ft. x 2 ft. x 2 ft. in dimensions. Nightsoil and cattle 
dung plus urine were compared as starters. Since in some municipalities 
there is a custom of sieving out the * organic matter * fraction of street sweep- 
ings and using that alone for composting purposes and other municipalities use 
a mixture of both fractions, it seemed advisable to compare both systems. 
It has been already reported in Part II of this series f Acharya, 1939 ] that 
the addition of moderate quantities of the soil fraction of street sweepings 
exerted a beneficial effect on the course of the decomposition and on nitrogen 
conservation and that a quantity of soil corresponding to half the weight of 
night soil taken for composting appeared to be optimum. 

[i) Ciatprn experiments with street sweepings and nightsoil 

In the series where nightsoil was added as the starter, 100 lb. lots of the 
‘ leaves ’ fraction of street sweepings, with and without the addition of 
50 lb. of the ‘ soil ’ fraction, were uniformly mixed in portions inside the 
cisterns, with 100 lb. of nightsoil diluted with five to six gallons of water. 
The following treatments were compared using duplicate samples — 

(a) aerobic decomposition throughout, with the material turned over 
once in 10 days and moistened when necessary ; (fe) hot fermentation process 
wherein the material was covered over with a layer of mud paste and over 
it earth, after a preliminary period of six days aerobic fermentation ; and (c) 
anaerobic decomposition from the start, by packing the material well and 
covering it with mud paste and a layer of earth from the beginning. 

At the end of three months, the residual material was taken out, spread 
on a bricklined and plastered platform, weighed and samples taken for analysis. 
The sampling and analt3dca^ procedures were the same as those described 
earlier in this paper in Section II for the composting of ragi straw on the 
large scale. 

The analytical data obtained are summarised in Table VIII. Since the 
experiments were carried out in cisterns and the soil covering at the top was 
removed carefully, there was no appreciable admixture with extraneous soil 
and hence no correction for ‘ soil contamination ’ was necessary as was 
applied in the case of the rcLgi straw' experiments on the large scale described 
in Section II of this paper. The data presented in Table VIII confirm the 
previous conclusions that the hot fermentation method gives much higher 
recoveries of ash-free organic matter and of nitrogen than the aerobic method. 
In contradistinction to the experiments on rogrt straw' (Table VII), the per- 
centage of nitrogen in the hot fermented compost is higher in the present ex- 
periment than the percentage in aerobically prepared composts. This is due to 
the fact that ragi straw is poor in nitrogen (0*5 per cent. N) and in the experi- 
ments described in Section II above only about 0 • 825 per cent of nitrogen 
was added to the straw in the form of nightsoil. The initial C : N ratio of the 
straw-nightsoil mixture was nearly 34 : 1. A reference to the jar experiments 
described in Section I above (Table III) would show that at C : N ratios 
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between 30 : 1 and 40 : 1, the aerobically prepared compost shows a higher 
percentage of nitrogen than the hot fermented compost, even though the total 
recovery of nitrogen hy the former method is somewhat lower than that 
obtained by the latter method. 

In the present cistern experiments, however, the organic fraction of street 
sweepings have been used in place of ragi straw and a reference to Table I 
would show that these are richer in nitrogen (I- 23 per cent). The 
0 : N ratio of the mixture of sweepings and nightsoil was about 18 : 1, which 
is much narrower than the ratio of 34 : 1 obtained for straw : nightsoil mix- 
tures. A reference to Tables III and IV would show that at such narrow 
C : N ratios, the loss of nitrogen in the aerobic method is very high and is greater 
than the loss in carbon. Hence, under such conditions, the hot fermented 
composts show a higher percentage of nitrogen, along with a higher yield of 
manure than by the aerobic system. Under the conditions existing in Indian 
towns and villages, where the street sweepings contain a large amount of leaves 
and animal excreta, it is doubtful whether it would be possible to widen the 
C : N ratio of the mixture of sweepings and nightsoil beyond 20 : 1 at the 
start. Under these conditions, the losses of nitrogen by the aerobic methods 
are bound to be heavy. 

Table VIII 

Cistern experiments udth town refuse — nightsoil as starter 


Without toil 

100 lb. leaves fraction of 
street sweepings. 

100 lb. Nightsoil 

Yield of manure 

Carbon 

Nitrogen 

Ash ftee organic 
matter 

Fresh 

Sundry 

On 

sundry 

material 

Eecovery 

On 

sundry 

material 

Recovery 

On 

sundry 

material 

Recovery 


lb. 

ib. 

per cent 

percent 

per cent 

per cent 

per cent 

per cent 

1. Aerobic Method 

120 

ns 

23-24 

39-60 

1-87 

39-07 

88-18 

87-80 

2. Hot Fermentation 

process. 

181 

1 

85 

26-30 

68-74 

1-02 

69-09 

1 46-46 

66-61 

8. Annroblc firom the 
start. 

202 

02 

81-67 1 

72-69 

1-79 

70-08 

64-09 

71-60 

Added toa. 









100 lb. leaves fraction 
of street sweepings. 

60 lb. Soil fraction . 
100 lb. Nightsoil. 









1. Aerobic Method 

252 

137 

16-1 

49-80 

0-76 

42-44 

22-0 

41-47 

2. Hot Fermentation 

Process. 

334 

149 

191 

08-62 

1-18 

71-70 

30-6 

02-62 

3. Annrobic from the 
start. 

871 

150 

20-8 

79-64 

1-28 

82-07 

88-2 

72-01 


It will be noticed from Table VIII that the material which was anaerobi- 
cally packed from the very start gave the highest recovery of nitrogen and of 
organic matter, and it may appear as though this method would be an improve- 
ment over both the aerobic and hot fermentation methods. But the method 
of anaerobic packing possessed several disadvantges in practice ; e.g. the system 
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did not promote the development of an active microflora which would de- 
compose nightsoil, as evidenced by the fact that when the cisterns were opened 
out at the end of three months, the material smelt strongly of nightsoil, and 
undecomposed masses of nightsoil could be seen. Nitrification experiments 
in the laboratory, to be described in a subsequent communication, showed that 
a much longer initial lag period was required by the anaerobically prepared 
composts before nitrification set in, than in the case of the hot fermented com- 
posts. This initial lag period was probably due to the presence of undecom- 
posed carbonaceous material of the straw. Field trials with such anaerobically 
prepared composts, to be presented in a future communication, showed that 
the crop response was poorer in the first season, when compared to the hot 
fermented composts, but was equal to them in the second season. These facts 
would indicate that a purely anaerobic method of composting either fails to 
remove substances or causes the formation of substances which interfere with 
the nitrification processes in the soil and with plant growth. It would, there- 
fore, seem advisable to ensure a suitable combination of the aerobic and an- 
aerobic treatments, as is done in the hot fermentation method. 

It will also be noted from Table VIII that the addition of moderate 
amounts of the soil fraction of street sweepings improves the conservation of 
organic matter and to a greater extent of nitrogen. The compost appeared 
to be better broken down in the presence of soil. The addition of soil, how- 
ever, lowers the percentage of nitrogen and of organic matter in the compost 
and, as already observed in Part II, it would be advisable to limit the addition 
of soil to the minimum quantity necessary to promote the better decay of the 
compost material. The proportion used in the present experiments of 2 : 1 : 2 
(by weight) between the leaves fraction, the soil fraction and nightsoil would 
appear to work satisfactorily. 

(ii) Cistern experiments with street sweepings and cattle diing plus ttrine 

Another series of compost experiments in cisterns was run on the same 
lines as the previous series described in Section III (i) above, but with the dif- 
ference that a mixture of cattle dung and urine was used as the starter instead 
of nightsoil. A certain amount of household (wood) ash was also added to 
correspond with the conditions in farming practice. For every 100 lb. of leaf 
material, with and without the addition of 50 lb. of soil, 25 lb. of dung and 
three gallons of urine were added. Extra w ater to the extent of eight to nine 
gallons was also added. The treatments compared were the same as in Section 
III (i), viz, aerobic, hot fermentation and completely anaerobic, and also the 
influence of the addition of soil. The details of composting procedure and 
methods of sampling and analysis were the same as described in Section 
III (i). 

The analytical results obtained are summarized in Table IX. The 
general trend of the results is the same as in the case of the previous experi- 
ments with nightsoil, yiz., the hot fermentation method secures a better con- 
servation of organic matter, carbon and nitrogen than the aerobic method, 
both as regards the percentage of these constituents present in the manure as 
well as in the absolute amounts recovered out of the quantities originally 
present in the raw materials. The anaerobically prepared composts contain 



461 


THE INMAN JOURNAL OP AGRICULTURAL SOIBNCB 


[X 

a higher percentage of nitrogen, but at the same time they contain large 
amounts of readily oxidizable constituents of the original raw material and 
hence are open to the objections and drawbacks referred to in the last sec- 
tion III (i) while dealing with refuse-nightsoil composts. The protective 
action of the soil in lessening the loss of nitrogen and of organic matter may 
be noticed in this case also. 

Table IX 

Cistern experiments with town refuse — cuttle urine and dung as 





starters 




Without soil 

Yield of manure 

1 

j Carbon 

Nitrogen 

Asli ft-ee organic 
matter. 

100 lb. leaves. 

10 lb. Household ash 

25 lb. duuK and 3 gallons 
cattle urine. 

i Fresh 

’ 

. . _ 

Sundry 

Sundry 

material 

Recovery 

Sundry 

material 

Recovery 

Sundry 

material 

1 

Recovery 

1 



lb. 

per cent 

\^er cent 

per cent 

per cent 

per cent 

per cent 

1 . Aerobic method 

109 

67 

18-2 

39-32 

0-72 

38-69 

27-0 

.32-96 

2. Hot fennentatiun 

proce8.s. 

178 

80 

2ir> 

55-46 

1-06 

67-84 

36-2 

52-74 

3. Anierobio from the 1 
start. 

20J 

89 

25-3 

72-61 

1-18 

84-09 

41-5 

67-26 

Added soil | 

! 








60 lb. soil. 1 

100 lb. leaves. 

10 lb. Household ash. < 
26 lb. dung and 1 
3 gallons urine. j 









1. Aerobic method . , 

196 

112 

16-4 

56-44 

0-70 

57-23 

28*2 

64-45 

2. Hot fermentation 

process. 

271 

125 

! 

20-2 

77-52 

0-86 

78-48 

34-2 

j 

73-70 

8. Ansorobic from tlie 
start. 

284 , 

134 I 

i 

21-4 

88-12 

0-90 

88-02 , 

37-8 j 

1 

87-34 


A comparison of Tables VIII and IX would show that the composts 
prepared by use of cattle dung and urine are appreciably poorer in nitrogen 
as compared with those prepared by use of nightsoil as starter. This is due 
to the fact that cattle dung contains only about a fourth of the nitrogen con- 
tained in nightsoil (Table I) and the quantity of cattle urine that can be 
added to the compost heap is limited by the capacity for absorption by the 
raw materials. These difficulties have been already referred to in detail in 
Section II above. The difference in nitrogen contents of the two starters is 
reflected also in the manurial values of the respective composts when they are 
applied to land. Nightsoil composts, if they are properly prepared, give much 
better crop responses, per ton of manure, than composts prepared by use of 
dung and urine, as has been shown by field experiments which will be reported 
in a further communication. 

Semi-large soale experiments with town refuse 

The cistern experiments with town refuse were followed up by semi-large 
experiments, using lots of 1,000 lb. of the sieved ‘ leaves ' fraction of 
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sweepings and 600 lb. of the ‘ soil * fraction. In the present series of ex- 
periments an effort was made to see whether the capital cost of digging the 
trenches could be avoided by carrying out the hot fermentation process in 
overground heaps, by mud-plastering these heaps after an initial aerobic fer- 
mentation of six to seven days, and to see how such composts compare with 
those prepared in trenches. The following methods of composting were 
compared : — 

(1) Hot Fermentation in underground trenches which were bricklined 

and plastered. 

(2) Hot Fermentation in underground trenches without bricklining. 

(3) Hot Fermentation method in heaps overground on bricklined 

platforms. 

(4) Hot Fermentation method in heaps overground on platforms which 

were not bricklined. 

(6) Aerobic process in shallow wide trenches which were not brick- 
lined. 

(6) Aerobic process in heaps overground on platforms which were not 
bricklined. 

Two different starters were tried, viz. nightsoil and cattle dung phis 
urine. Each trial was carried out in duplicate. 

In the first series using nightsoil as starter, lots of 100 lb. of ‘ leaves ’ 
fraction of street sweepings and 50 lb. of the ‘ soil ' fraction were uniformly 
mixed within the (container itself with 100 lb. of nightsoil (fresh weight) 
diluted with eight to nine gallons of water. The operations were repeated 
ten times, so that in all 1,000 lb. of ‘ leaves ’ fraction and 500 lb. of ‘ soil ’ 
fraction and 1,000 lb. of nightsoil were added to form a compost lot. In the 
parallel series using cattle dung plus urine as starter, 25 lb. of dung and 
five gallons of urine were mixed with further ten gallons of water and 
uniformly mixed with lots of 100 lb. of ‘ leaves ’ fraction and 50 lb. of ‘ soil ’ 
fraction. The operations w'ere repeated till 1000 lb. of the ‘ leaves ’ fraction 
and 600 lb. of* soil ’ fraction had been so treated. The moisture level was 
brought to about 50 per cent, at the start. 

The hot fermentation composts, either in trenches or in heaps overground, 
were packed free from air after six days, by a layer of mud plaster and earth, 
as already described in section II of this paper. The ‘ serobic ’ composts were 
turned over once in 15 days with watering, enough to keep the mass moist to 
the touch. The total amount of water so added ranged from 25 gallons per 
heap per turning in the initial stages to about 10 gallons towards the final 
stages of decomposition. 

At the end of three months, the composts were taken out, spread uniformly 
on bricklined platforms, samples taken for analysis, the residual mass weighed, 
and the samples analysed according to the procedure already outlined for the 
semi-large scale experiments with vagi straw in section II above. In the 
present case also, it was noticed that there w as a large admixture of extraneous 
soil in the composts prepared overground on unbricklined platforms, and to 
a lesser extent in trenches which were not bricklined. The contamination was 
still less in the case of heaps kept on bricklined platforms or in bricklined tren- 
ches. Necessary corrections have been applied for the above soil contamina- 
tion, according to the method described in Section II above, and the corrected 
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data are presented in Tables X and XI. Table X gives the results obtamed 
by use of nightsoil as starter and Table XT gives the corresponding data for 
composts prepared by use of cattle dung plm urine as starter. 

Table X 


Semi-large scale experiments with toum refuse using nightsoil as starter. 


1,000 U). leaf fraction of street 

Yield of manure 

Carbon 

Nitrogen 

Ash ft*ee organic 
matter 

sweepings. 

500 lb. soil fraction of street 

RWPPTli n QTfl 

1,000 Ib. NlgStsoil (fresh). 

1 

Fresh 

Sun- 

dried 

Analysis 

1 

1 

Recovery 

1 

Analysis 

Recovery 

Analysis 

Recovery 


lb. 

lb. 

per cent 

* per cent 

per cent 

1 

per cent 

per cent 

per cent 

I. Hot Fermentation in under- 
ground trenches with brick- 
lining. 

3,216 

1,620 

19*81 

72*46 

1*22 

76*91 

34*93 

78*06 

II. Hot Fermentation in under- 
ground trenches without 
bricklining. 

3,010 

1 ,438 

18*01 

62*34 

1*13 

66*36 

31*86 

63*01 

III. Hot Fermentation in heaps 
overground on bricklined 
platforms. 

2,760 

1,325 

17*84 

66 90 

1 *19 

1 

64*34 

30*39 

66*30 

IV. Hot Fermentation in heaps 
overground on platforms 
not bricklined. 

2,620 

1,280 

17*05 

62*53 

1*10 

67*68 

29*56 

62*02 

V. Aerobic, in shallow wide 
trenches. 

2,230 

1,185 

16*60 

47*36 

1*08 

52*49 

29*36 

47*87 

VI. Aerobic, in heaps over- 
ground. 

1,980 

1,042 

14*98 

37*58 

0 99 

42*09 

28*89 

41*41 


Table XT 


Semi-large scale eorpcriments with town refuse using cuttle urine and dung as 

starters 


Taken — 

1 Yield of manure 

I Carl)on 

1 Nitrogen 

Ash free organic 

1,000 lb. leaf fraction of street 







matter 

8w*eeT)ings. 








i 

600 11). soil fraction of street 








1 

sweepings. 

Fresh 

8un- 







250 lb. dung. 

60 gallons of urine. 


dry. 

Analysis 

Recovery 

Aimlyhis 

Recovery 

Analysis 

1 Recovery 


ib. 

Ib. 

per cent* per cent 

per cent 

per cent 

fier cent 

per cent 

1. Hot Fermentation in under- 

3,015 

1,415 

17*81 

77*45 

0*77 

79*62 

31*11 

76*88 

ground trenches with brick- 
lining. 









II. Hot Fermentation in under- 

2,784 

1,320 

17*04 

09*15 

0*74 

71*63 

28-78 

65*62 

ground trenches without 
bricklinlug. 


j 







III. Hot Fermentation in heaps 

2,645 

1,275 

16*47 

64*64 

’ 0*69 

64*12 

26-27 j 

67*76 

overground on bricklined 
platforms. 




IV. Hot Fermentation in heaps 

2,496 

1,190 

15*13 

66*32 

t 0*63 

64*76 

I 

25*66 

i 52*64 

overground on platforms 
not bricklined. 

V. Aerobic, in shallow wide 
trenches. 

2,112 

13*95 

46*10 






1,076 

0*60 

47*10 

24*82 

46*03 

VI. Aerobic, in heaps overground 

1,826 

960 

13*02 

38*41 

069 

41*85 

23*44 

88*80 


Fk;. 1 . A bnttoiy of cisterns m which the ])reliininary ^tiKiies were carriinl out iiiuler controlled conditions 



Fio. 2. C\)inposting of night soil with street sweepings in trenches 
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It has been mentioned above that one of the objects of the present ex- 
periment was to see whether trenches could be dispensed with in the hot fer- 
mentation method and overground heaps used instead. The data presented 
in Tables X and XI reveal that in the case of refuse-nigh tsoil composts as well 
as retuse-dung composts, trenches gave better results than overground heaps. 
This was shown both in the hot fermented composts and in those aerobically 
prepared. The superiority of trenches to overground heaps in (jonserving a 
greater amount of nitrogen and of organic matter, has been already noticed 
by Aiyar [1933] and others and is attributable to the more efficient retention 
of moisture and the more rapid rise of temperature secured in trenches. The 
temperature is also maintained at a high level for a longer time in trenches. 
Waksman and co workers [1939] have found that the loss of nitrogen during 
composting is less in cases where there is a rapid rise of temperature in the 
early stages ; the loss was greatest in cases where the temperature rise is slow 
and irregular. 

That the better conservation of nitrogen and of organic matter in the hot 
fermentation method is not solely due to the composting being carried on in 
trenches in that method, is shown by comparing the results o]:)tained (Tables 
X and XI) for the treatments II and IV, where both the hot fermentation and 
aerobic methods are carried out in trenches, and also treatments IV and VI 
where both the above methods have been tried on heaps overground. In both 
cases, the hot fennentation system has given a higher recovery of organic 
matter and of nitrogen, indicating that in the aerobic method, as ordinarily 
practised, there is a continuous loss of nitrogen, which could be avoided by 
packing the material anaerobically after the initial stage of aerobic fermenta- 
tion. 

A comparison of the data showm in Table X with those given in Table XI 
confirm the observations made in Section III (ti) above, regarding the relative 
manurial values of composts prepared from nightsoil and cattle-dung as star- 
ters. In the present series also, the nightsoil composts show appreciably 
higher percentages of nitrogen and of ash-free organic matter than those pre- 
pared from dung and urine. 

A comparison of treatments II and VI (Tables X and XI) would show 
that by adopting the hot fermentation system in trenches, it is possible to 
obtain recoveries of nitrogen and of organic matter which are about 1 ^ times 
those obtained by the aerobic method overground. 

Discussion 

It is generally admitted that nitrogen is the most important constituent 
present in bulky organic manures like composts, next to the organic matter 
contained. Most Indian soils being deficient in phosphoric acid, the amount 
of this constituent also may go to a certain extent in influencing the manurial 
value, especially in the case of nightsoil composts which are rich in P 2 O 5 . But 
there is little likelihood of loss of phosphoric acid during the process of com- 
posting, if losses due to leaching be avoided, whereas losses of nitrogen occur 
often to a considerable extent and are not easily avoided. 

The experiments described above have shown that the loss of nitrogen is 
particularly serious while dealing with the disposal of town wastes such as 
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nightsoil and street sweepings by the method of composting, on account of th^ 
narrow C : N ratio of the materials concerned. When dealing with materials 
of such narrow C : N ratio, the aerobic methods involve heavy losses of nitrogen 
to the extent of 50 per cent and more of the quantity originally present. The 
loss of nitrogen implies a proportionate decrease in the manurial value of the 
compost and hence in the price which the manure could obtain. Conversely, 
by adopting a method of composting which would minimize the loss, it would 
be possible to prepare a correspondingly larger quantity of manure containing 
the same percentage of nitrogen. By either alternative, it will be possible for 
a municipality or a private farmer to obtain a greater return from the available 
raw materials on hand. Hence arises the need for devising a method which, 
under practical conditions of composting, would minimize the loss of nitrogen, 
if not avoid it altogether. Since Indian soils are poor in organic matter, it 
would at the same time be an advantage if more of the organic matter could be 
conserved than what is done by the aerobic methods. Judged by these two 
tests, the hot fermentation method appears to be a distinct improvement over 
the ordinary aerobic methods of composting. The data given in the present 
paper would clearly show that in the aerobic methods of composting, especially 
under our Indian conditions of high temperatures and in some areas excessive 
rainfall, the oxidation is carried to an extreme stage, when heavy and avoid- 
able losses of nitrogen and of organic matter occur. It would obviously be an 
advantage to stop the aerobic decomposition at a much earlier stage, as is done 
in the hot fermentation method, and allow the rest of the decomposition to 
proceed anaerobically. 

Two seeming advantages of the aerobic method of composting, which are 
often quoted, are : (1) the rapidity with which the composting is finished and 
the material is ready for application to land ; and (2) the thorough decomposi- 
tion of the material to a dark-brown, friable powder which could be easily 
incorporated in the soil. But the soundness of these arguments still needs 
experimental proof. As regards argument No. 1 above, viz. the rapidity of 
composting, it is of advantage only in some cases, e.g. in the disposal of town 
refuse by municipalities. But if the process involves simultaneously heavy 
losses of nitrogen, the financial loss involved thereby is a factor which cannot 
be ignored. In the case of the private farmer, the rapidity of decomposition 
may prove a serious disadvantage, since the farmer requires his manure only 
once in six months and in many areas only once a year for application to land. 
He will be faced with the problem of how best to store the manure without loss 
of manurial value, if the composting be finished several months in advance of 
the date when he may be requiring it. 

As regarcb argument No. 2 above, viz. the degree of decomposition to 
which a material should be subjected before it is fit for application to land, this 
is a question on which divergent views are held and convincing experimental 
evidence is lacking. There is no experimental evidence to show that it is neces- 
sary to decompose a material to the ultimate stage of a dark -brown, friable 
powder before it is fit for application to land. The earlier experiments regard- 
ing the unsuitability of straw for direct application to land have been found to 
be due to the wide C : N ratio of such material, and composting has been found 
to narrow the above ratio. It has been claimed that soil organic matter has 
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an approximate C : N ratio of 10 : 1 and that »robically prepared composts 
finally approach this ratio and hence are in a fit condition to be applied to 
land. Waksman in his book on ‘ Humus ’ points out that materials of C : N 
ratio near 16 : 1 do not immobilize soil nitrogen but tend to increase the 
available nitrogen in the soil. The above ratio is apparently much wider than 
the ratio of 10 : 1 aimed at in the aerobic methods 01 composting. 

Field experiments have been proceeding at Rothamsted (England) for 
some years past wherein the compost prepared by the Adco method with a 
C : N ratio near 11:1 has been compared with the direct application to the 
land of straw and the minerals used for compost preparation, the C : N ratio 
of the uncomposted materials being near 30 : 1. The levels of nitrogen, 
phosphoric acid and potash applied in the two cases are the same. The 
experiments have been proceeding only for the last five or six years, but the 
results obtained so far show that the uncomposted materials give as good crop 
responses as the compost. 

The above would show that the C : N ratio of a compost material is not 
the only criterion for judging the suitability of its application to land. On 
the other hand, a better criterion would be the j»resence of readily available 
nitrogen in the material enough to supply the ‘ nitrogen factor ’ or the nitrogen 
requirements of the easily decomposable fractions in the raw material. If for 
financial or other reasons it is not found advisable to add mineral supplements 
in order to increase the available nitrogen in the material, the process of fer- 
mentation (or composting) has to be resorted to in order to remove the readilj' 
oxidizable constituents of the raw material. Tliis should be oairied out to 
such an extent as not to lose any appreciable quantity of the nitrogen originally 
present in the raw material. Su sh losses usually fall on the readily available 
groups such as ammoniacal or nitrate nitrogen and hence greatly lower the 
manorial value of the product when put on the field. Considered in this light, 
the hot fermentation method not only conserves a greater portion of the 
original nitrogen, but also minimizes the loss of the best portion of it, from the 
manurial point of view. 

The question whether composting could be avoided altogether and the 
raw materials can be directly put on the land requires further and large scale 
experimentation before a definite answer could be given. The Rothamsted 
experiments indicate that under certain conditions, it is possible to do so, 
especially when the raw materials are supplemented by suitable quantities of 
nitrogenous artificials. Somewhat similar results have been obtained by the 
Tocklai Experimental Station in some of their experiments on tea*. But the 
experiments need repetition at a number of other centres in India where 
climatic and soil conditions and crops raised are different. In both the 
Rothamsted and Tocklai experiments, water supply has not been the limiting 
factor, and it is well known that with satisfactory water supply, partially 
decomposed materials can be safely put on land. Unfortunately, water 
supply is a serious limiting factor in most areas of this country. 

It would also be interesting to know whether the Rothamsted results wdth 
straw could be duplicated in this country, using cattle dung and urine as the 
nitrogenous supplement to straw in place of artificials. The availability of 
* Private oommuiiioatioi^ 
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nitrogen in the dung '[Im urine starter would be lower than in artificials and 
it would be useful to know whether with such a supplement the undecomposed 
raw materials when directly put on the land would prove beneficial to plant 
growth. In such cases it may be found necessary to remove the readily oxidi- 
zable constituents of the raw materials by a preliminary process of fermenta- 
tion, at least to the extent secured in the hot fermentation process. 

While our knowledge of the conditions under which undecomposed 
materials could be safely put on land to serve as manure for a crop already on 
the land or about to be sown in is still indefinite., the field trials that have been 
carried on with hot fermented manures have shown that they can be safely 
applied to land at any time, with beneficial results. 

In addition to the larger recovery of manure and of nitrogen obtained by 
the hot fermentation method, this method possesses certain important ad- 
vantages to the farmer from the practical point of view, namely in relation to 
labour and water requirements. The question of water requirement has been 
dealt with in detail in an earlier communication [Acharya, 1939] and it was 
shown therein that the hot fermentation process requires only about a third 
of the water supply required by the aerobic method, since the mass is packed 
anaerobically after six days in the former method and no further additions of 
water are made. Water supply is a serious and in some cases a costly problem 
in vast areas of this country, e.g. in the Central Provinces, Deccan, etc. In 
such areas the hot fermentation method would prove particularly useful. 

Secondly, the hot fermentation process requires much less labour than the 
aerobic method, since in the former case there are no periodical turnings and 
waterings to be given. No attention has to be paid to the compost after once 
it is packed in the trenches and closed up after a week, till the compost is 
actually required for application to land. As such, the farmer obtains the 
compost at a much lower cost and with much lesser trouble than in the ease of 
the aBiobically prepared compost. Estimates show that the labour charges 
for making one ton of compost by the hot fermentation method comes to 
about 8 As., when working on the large scale, whereas in the serobic method 
the charges amount to about three or four times as much. 

The hot fermentation system of composting, therefore, appears to be 
peculiarly suited to the conditions existing in this country. 

Summary and conclusions 

A comparison of the hot fermentation and aerobic systems of composting 
was made under controlled conditions : (I) with ragi straw in jars on a 

laboratory scale ; (II) with ragi straw on the large scale in trenches and 
overground heaps ; (III) with town refuse in concrete cisterns ; and (TV) with 
town refuse on the large scale in trenches and overground heaps. Nightsoil, 
cattle dung plus urine and a mixture of mineral salts consisting of ammonium 
sulphate, calcium carbonate and superphosphate were used as starters for com- 
posting. Different modifications of the serobic and hot fermentation methods, 
such as carrying out the composting in trenches and in overground heaps were 
tried. In the serobic method, the heaps were turned over once in 16 days and 
watered to the necessary extent. In the hot fermentation method, the oom- 
post lots, generally in trenches, were aUov^ed to ferment ^NTohicelly for eix 
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days and then covered with a layer of mud paste and over it with loose earth. 
The comparison limited itself mainly to the efficiency of conservation of nitro- 
gen, carbon and organic matter, since minerals such as calcium, potash and 
phosphates are not lost to a great extent, if the composting process be carried 
out with care. 

The experimental data obtained showed : — 

1. In all the cases examined, the hot fermentation method gave a much 
higher yield of manure, as measured by the organic matter contained, than 
the serobic method, the ratio varying from times to 3 times. In cases where 
the composting is carried out on plain ground or in unbricklined trenches, there 
is heavy contamination with extraneous soil, for which due correction should 
be made in the analytical figures. 

2. The hot fermentation method conserved the original nitrogen of the 
refuse materials, in all the cases, examined to a greater extent than the aerobic 
method. The loss of nitrogen in the aerobic method was particularly great 
when nightsoil was composted with street sweepings and in some cases 
amounted to 60 per cent or more of the original amount. 

3. The percentages of carbon and of organic matter in the final compost 
(after making a correction for the extraneous soil contamination) were also 
higher in the hot fermented composts than in the aerobically prepared com- 
posts. 

4. As regards the relative percentages of nitrogen in the above two classes 
of composts, this varied with the initial C : N ratio of the refuse materials. 
Where the initial C : N ratio was wider than 30 : 1, the increase in conservation 
of organic matter by the hot fermentation process over the aerobic method was 
greater than the increase in conservation of nitrogen, with the result that the 
final percentage of nitrogen in the compost is lower in the hot fermentation 
method, though the total quantity of nitrogen recovered is greater in that 
method than in the aerobic. Where the initial C : N ratio is narrower than 
30 : 1, the hot fermented composts possess a higher percentage of nitrogen in 
the final compost, along with a larger recovery of nitrogen in the total compost 
obtained. 

6. The C : N ratio of the compost obtained by the hot fermentation method 
varies from 16 : 1 to 20 ; 1, while that obtained by the aerobic method ranges 
from 11 : 1 to 16 : 1. 

6. Carrying out the composting in trenches ensures a higher yield of 
manure and a better conservation of nitrogen than the use of overground 
heaps for composting. 

7. Compostspreparedby use of nightsoil, were generally richer in nitrogen 
and of better quality than composts prepared by use of cattle dung and urine 
as starters. 

8. The addition of moderate quantities of earth promoted better decay 
of the compost and a better conservation of nitrogen, especially in cases where 
nitrogen-rioh materials such as nightsoil were being composted. 

9. The hot fermentation process requires only about one half to one third 
the water supply required by the aerobic methods and appears to be particularly 
suite^jl to the ‘ dry ’ areas of the country. 
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10. Labour charges in the hot fermentation process are only about a third 
or fourth of those necessary to carry out the ffitobio method of composting, and 
the attention and supervision required in the former case are considerabty lees 
than in the latter case. 
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IV. THE HOT FERMENTAtaON vs. FOUDRETTE METHODS FOR 
THE DISPOSAL OF NIGHTSOIL 


BY 

C. N. ACHARYA, M.So., Ph.D., F.I.C. 

Department of Biockemietry, Indian Inetitute of Science, Bangalore 

(Received for publication on 20 Nov. 1039) 

I N a previous communioation in this series [Acharya, 1940] the relative 
advantages of the hot fermentation and serobic methods of composting 
were discussed, with special reference to the treatment of town wastes rich in 
nitrogen, such as nightsod, and it was shown therein that a better conserva- 
tion of nitrogen and organic matter was secured in the former method as com- 
pared with the latter. Very few municipalities, however, adopt at the present 
day either of the above systems of composting for the disposal of their night- 
soU in spite of active propaganda in this direction by some of the Departments 
of Agriculture in India — especially those in Madras and Bombay. The 
meth^ generally adopted by over 90 per cent of the municipalities in this 
country is that known as ‘ pitting ’ or ‘ trenching ’ nightsoil, carried out at 
nightsoil depots situated at some distance outside municipal limits. In this 
method, the nightsoil is let out into trenches three or fom feet broad and 
equally deep, dug in the ground, and is then covered over with a layer of 
rubbish or more usually with earth. The Nasik Municipality has paid parti- 
cular attention to the details of a proper system of trencliing so as to avoid 
odours and flybreeding and to hasten the drying uj) of (he material. The 
produot so dried is usually designated as * poudrette ’ and sold as manure to 
the ryots. 

The * poudrette ’ method of disposal of nightsoil has been in general use 
in municipcdities in this country for the last five or six decades and is even 
now preferred to the method of ‘ composting since it is felt that the former 
method is simpler to carry out and requires less expense and supervision. 
But, unfortunately, this method of disposal brings little return to the muni- 
cipalities. The annual income realized by sale of the poudrette in the trenches 
after a year of drying, amounts on the average to a few hundred rupees only 
as against the expense of several thousands per year incurred for the collection 
of nightsoil and street rubbish. This low income is partly attributed to the 
persistence of the smell of nightsoil in the poudrette, since the latter is more 
or less only dried nightsoil, and it is well known that the Indian ryot has a 
sentimental aversion to the handling of such a product [Leather, 1896]. It 
is also possible that during the process of pondrette-making, as ordinarily 
praoijssd by municipalities, a good portion of the manurial value is lost from 
nightsoil as may be inferred from a typical analysis quoted by Leather 
(189S] of a poudrette prepared in (Hawnpore, viz. 
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Tabiji I 

Analysis of poudrette from Oawnpore 

Percentage 




Moisture 
Organic matter 
Earthy substance 
Nitrogen 
Phosphoric acid 


2*64 

7-82 

89-54 

0-468 

0-490 


In view of the prevalent custom of most municipalities in India, of oon- 
vertine their nightsoil into poudrette, it was considered ^visable to comp^ 
the relative efficiencies of the poudrette method and the hot fermentation 
process of composting from the point of view of the conservation of manunal 
constituents and other factors such as hygienic requirements, cost of opera- 
tion, net income to the municipality etc. ^ r . j « 

To start with, the writer would like to clear up a certain amoimt of mdefi- 
niteness which seems to persist even at present in the relative use of the 
‘ poudrette ’ and ‘ compost ’, in relation to the treatment of nightsoil. Before 
the principles of compost making became clear as the result of the pioneermg 
work of Hutchinson and Richards [1921], the term poudrette was mdiscnmi- 
natelv applied to mixtures of nightsoU with other materials, either orgamc 
such L ruWsh or inorganic such as sod or ash [Leather, 1896 ; Kelkar, 1909]. 
But now the term ‘ compost ’ is generally apphed to bulky orgamc materials 
which have undergone fermentation, usually by the addition of a mtrogenous 
starter Since nightsoil is one of the best starters that could be used for thM 
purpos^. the term ‘ compost ’ would properly apply to the product obtained 
W fermentation of bulky material such as street sweepings with the addition 
of nightsoil The term ‘ poudrette ’ is best restricted to the products ob- 
tftined bv dehydration of nightsoil either with dry earth or other materials 
such as ih, sawdust, lignite or by the action of heat [Bruttini, 1923]. 

Kinds of poMdrettes.— Nightsoil can be converted mto poudrette by one 
of several ways : viz. (1) by simple exposure to the sun in trench^, a« in the 
Nasik system, with a thin covering of rubbish in order to prevent flybreedmg ; 
121 bv the addition of woodash in shallow beds and thorough mixing, as m 
the Poona system [Kelkar, 1909] ; (3) by the addition of other drying agents 
!Sch L ^wdered lignite, peat, sawdust etc. [Bruttini, 1923] or (4) by the 
effect of heat along with the addition of chemicals such as chlonne, sulphunc 
acid etc in order to remoye the odour [Bruttini 1923]. Of these methods, 
systems 1 and 2 are simple and are easy of adoption by most municipalities in 
liis country, whereas systems 3 and 4 require either special equipment or 
require materials in large quantities which are not easily available at most 
centres Hence, in the investigations reported in the present paper, parti- 
cular attention was paid to systems 1 and 2 only mentioned above. 

POtJDBBTTB WITHOUT THB ADDITION OF ANY DBHYDEATINO AOBNT 

Fifteen hundred lb. of nightsoil were led into trenches 2 ft. broad, 3 ft. 
deep and 6 ft. long. The nightsoil occupied a depth of 2\ ft. in the above 
trenches and was covered over loosely with a layer of the organic fraction of 
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street sweepings to a depth of about three inches. Fifty lb. of the organic 
refuse were us^ for the purpose. The experiment was carried out in dupUcate 
and observations were made on the dianges undergone in the system. 

It was noticed that in about 48 hours there was rapid frothing and lique- 
faction of the mass, as evidenced by the nightsoil separating into a solid layer 
at the bottom and a thiimer opalescent layer at the top. Bubbles of gas were 
given off firom the mass, which burst open the rubbish layer at places ; this 
indicated that probably the lower layers of the mass were undergoing anaerobic 
decomposition. The gases evolved were not analysed, but tests with litmus 
and turmeric papers kept in the midst of the rubbish covering the top, showed 
the evolution of ammonia. This was confirmed by keeping a glass basin con- 
taining a known amount of standard dilute sulphuric acid on the rubbish, 
which absorbed considerable quantities of ammonia. 

Portions of the upper liquid layer were taken out, after removing the 
scum at the top and were analyzed for ammonia on succeeding days, with the 
results shown in Table II. At the end of a week, the mass rapidly settled down 
and the upper opalescent liquid layer had slowly disappeared, due probably 
to seepage into the ground. It is evident that a good portion of the ammonia 
contain^ in this layer must have been lost either by diffusion into the air or 
by seepage into the ground. 


Table 11 


Evolution of ammonia from nighsoil in trenches 


Days from start 



NHg N in 6 0 . 0 . 
of opalescent 
upper layer 
mg. 

-2 . 

• 

• 

3*6 

8 . 

• 

• 

. 6-2 

4 . 

• 

• 

. 6*8 

6 . 

9 

• 

. 4*6 

6 . 

• 

• 

. 3*2 

7 . 

• 

• 

. 2-1 


The mass was allowed to remain in the trench for six months, at the end 
of which period it hewi dried completely and got into a powdery condition, 
partly mixed with the surrounding soil and the rubbish added at the top. 
The m ana still smelt strongly of nightsoil, indicating that the process was 
more one of drying than of decomposition. The mass was scraped out, weighed 
and analyzed. The data obtained are shown in Table III. The analytical 
and aampling procedures were the same as reported in an earlier communica- 
tion [Aoharya, 1939]. In the present case also the resulting manure was 
contaminated by the addition of a considerable amount (about 94 lb.) of ex- 
traneous soil from the trench and outside ; a correction has been applied for 
this soil contamination according to the method reported in an earlier paper 
[Acha^a, 1940] and the corrected figures are shown in column 4 of Table III. 



TitD Indian jou:6naL of AdstctiLTtitAt i^oiliMcdt (ti 

tabia in 


Poudrette from nightaoil 


Constituents 

( 

! Taken at 

1 the start 
> 16001b. 
i N. S. 4-50 
lb. 

1 rubbish 

1 (lb.) 

Beoovered 
at the 
end as 
poud- 
rette 

(lb.) 

Recovery 
corrected 
for soil 
oontami- 
nation 

(lb.) 

Percent- 

age 

reooveny 

of 

ocmiti* 

tiients. 

Pjanpiit- 

imalysisof 

peud- 

rotte 

(Gohimiil) 

1 

2 

3 

4 

6 

€ 

1. Dry matter . 

1 

337-7 

308-8 

213-7 

63-28 

* * 

2. Ash free organic matter . 

1 

266-6 

133-8 

132-6 

51*68 

43 

1 

3. Carbon . . . | 

164-9 

76-8 

76-2 

49*20 

24*87 

4. Nitrogen . . . j 

1 

1711 

7-13 

7-08 

41*38 

2-31 

6. Ash . 

81-1 

175-0 

81-1 

100-00 

56-66 

6. P,0. . 

12-18 

6-38 

6-36 

52*23 

2*07 

7. K,0 . . . .1 

! 

6-86 

3-94 

3-72 

54-23 

1*28 


The percentage recoveries of the original constituents given in column 6 
of Table III, would show that nearly half the manurial constituents and in the 
case of nitrogen more than half are lost during the process of poudrette mak- 
ing, if the nightsoil be allowed to dry by itself without the addition of soil. 
Since the losses fall equally on the potash and phosphoric acid as well as on 
carbon and nitrogen, it is presuqied that most of the loss should have been 
due to seepage into the ground of the liquid fraction formed in the preliminary 
liquefaction of nightsoil. 

The percentage analysis of the final poudiette obtained is shown in column 
6 of Table III. The data show that the manure is of good quality inspite of 
the heavy losses of manurial constituents during the process of poudrette 
making. The above losses are masked to a certain extent by the small recovery 
of manure obtained by this method. From 1600 lb. of nightsoil (fresh weight) 
only about 300 lb. of poudrette are obtained whereas the same quantity of 
nightsoil would yield about 2000 lb. of dry manure in the fcwm erf com- 
post. 

As regards the hygienic aspects of the method it was noticed that amell 
nuisance and fly breeding could not be effectively overcome by the loose cover 
of rubbish put on top of nightsoil. 

NlGHTSOIL-EAItTH FOTTDBIDTTBS 

In this method, 1600 lb. lots of nightsoil were let into trenches of t^e 
same size as in the preceding experiment, but the nightsoil was coveted over 
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liMh R ci dry eartik rix indues deep, instead of with a thin layer of organic 
t t itaa . When <»«ok8 appeared on the surface, more soil was added. It was 
foMod ne ce ss ar y to add 600 lb. of soil. 

sinking of the pondrette mass was more rapid in this case than in 
eXperinltmt T, probably due to the rapid absorption of water by the soil and its 
sabBe({oeat evaporation from the soil surface. The pressure of the soil layer 
at the top mig^t have also helped to force down the liquefied portion of the 
nigbtsoil into the groimd below, quicker. Flybreeding was effectively pre- 
vented in this method. The trenches were opened at the end of six months. 
Undeoomposed nightsoil was still present in lumps of black masses and the 
poudrette smelt strongly of nightsoil. The mass was scooped out of the 
trendi, along with the soil and was weighed and analyzed. 

The analytical figures are summarized in Table IV. In addition to the 
600 lb. of soil added to cover the nightsoil, further soil to the extent of about 
200 lb. had got mixed as extraneous contamination. Due correction has been 
apidied for this and the percentage recoveries of the constituents are given 
in column 6 of Table IV. These figures are similar to those given in Table III, 
though the recoveries are slightly better in the present experiment. The 
hij^er conservation of nitrogen is probably due to the absorption of ammonia 
by ^e Bofl layer at the top, which otherwise might have been lost into the 
atmosphere. 


Table IV 

NightaoU-earth pondrette 


Coxistituents 


Taken at 
the start 
16001b. 
N. S. +600 
lb. soil 

(lb.) 

Recovered 
at the 
end as 
pondrette 

(lb.) 

Recovery 
corrected 
for soil 
contami- 
nation 

(lb.) 

Percent • 
age 

recovers' 

of 

consti- 

tuents 

Percent- 

age 

analysis of 
. pondrette 
on dry 

1 basis 
(Column 3) 

2 

3 

4 

5 

6 

777-6 

846-3 

654-1 

84-14 


236*5 

114-5 

112*1 1 

47-62 

13-63 

142*6 

*8 

68-6 1 

41-14 

7-07 

16*76 

8-71 

i ! 

8-61 

51-41 

1-03 

642*0 

741*8 

542*0 

100-00 

87*64 

12*0 

6*83 

6-79 

56*62 

0*81 

7*6 

3*99 

3*66 j 

47*43 

0*47 


1. Dry xnattor . 
t, ilaii five ctgenfo natter 
>. CMrlxm 
4. Nitrogen 
6 . mi 
«. Vfi, . 

Y.IK^ . 
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The presence of a soil layer at the top improves the hygienic aspects 'of 
the method, but does not prevent the loss of the liquid portion of nightsoil 
by seepage into the ground and the consequent loss of manurial constituents. 
This can to a certain extent be avoided by interspersing thin layers of night- 
soil and dry earth one over the other, but this would mean the addition of 
much larger quantities of earth than have been added in the present experi- 
ment and the consequent increased dilution of the manurial value of the poiid- 
rette. 

The figures given in column 6 of Table IV would show that even when 
only 500 lb. of soil are added to 1600 lb. of nightsoil, which corresponds to a 
six inches layer of soil over a 2^ feet layer of nightsoil, the manurial value of 
tlie resulting pouderette is reduced considerably. The product contains barely 
1 per cent of nitrogen, 0-81 per cent of P,Oj and 0'47 perc ent of KjO and is 
comparable to an ordinary type of compost ; the organic matter content is 
however lower in the former case. The peld of poudrette in the present 
instance is about 846 lb. from 1600 lb. of nightsoil (fresh weight). As observed 
already, about 2000 lb. of dry manure in the form of compost could be obtained 
from the same quantity of nightsoil. This would show that though the 
(iovering over of nightsoil with earth in poudrette-making secures an improve- 
ment over using a loose cover of organic refuse, this method cannot compare 
with the composting process, so far as the full utilization of the manurial cons- 
tituents of nightsoil is concerned. 


NiOHTSOUr-ASH POTTDBBTTB 

This system was given an extensive trial by the Poona Municipality in the 
beginning of this century, before the city was fitted up with underground 
sewerage. Kelkar [1909], however, remarks that in 1906 the system was 
given up by the municipal contractor in favour of what at present we would 
call a method of composting with town sweepings, presumably because the 
latter method gave a higher 3deld of manure from the same quantity of night- 
soil. 

Experiments were first carried out, in the present investigations, on the 
use of different proportions of nightsoil to wood-ash, and also on the use of coal- 
ash in place of wood-ash. Large quantities of coal ash are available at some 
centra, especially near railway workshops and factories. The preliminary 
experiments showed that when the amount of ash added was less tb^Ti 40 per 
cent by weight of nightsoil (fresh) taken, the mass did not become solid. 
When one part by weight of ash was added to two parts by weight of night- 
soil and the whole well mixed, the resulting product was a solid mass which 
ea^y dried when exposed to the sun for a day. The above proportion by 
weight corresponds roughly to a proportion by volume of equal quantities of 
wood-ash and mghtsoil. The poudrette so obtained was ash-grey in colour 
and possessed, if at all, only a faint trace of odour. Even this trace of smell 
could be got over by the addition of about 10 per cent of powdered charcoal 
to the wood-ash. 

Coal-ash was found to be equally satisfactory as a dehydrant and deodori- 
ser for nightsoil ; but a serious ^rawbaek of ooal-ai|h Uee in the lar^ amount 
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of iron and alumina contained in it. It is well known that a high proportion 
of these is inimical to plant growth and renders unavailable the phosphoric 
acid present in the manure as well as that already present in the soil. 

Table V 


Mineral composition of nightsoil ask, wood-ask and coal-ash. 


CoiLstituents 

i 

Nightsoil 

ash 

Wood-ash. 

Coal -ash 

] 

1 

1. SiOg -|- acid insolubles | 

23-76 

21-46 

32-20 

2. Fe.Oj f Al.O, i 

7-85 

12-60 

41-82 

3. CaO 

20-16 

33-60 

4-59 

4. K,0 

10-11 

1 

5-30 

0-92 

1 

6. P,0» 

1 

18-87 

i 

3-18 

0-41 


The relative comyiosition of the ash constituents present in nightsoil, 
wood-ash and cioal-ash is shown in Table V. 

The preliminary experiments were followed by semi-large scale experi- 
ments carried out with 1000 lb. lots of nightsoil to which 500 lb. of wood-ash 
or coal-ash were added. The mixing was done with long handled spades in 
shallow wide trenches, bricklined and plastered inside. Immediately after 
mixing, the grey, solid mass was taken out and spread out to dry on brick- 
lined platforms in the sun for a day or two ; after which, the bigger lumps were 
broken down with a wooden mallet and the manure was ready for being packed 
in bags for transport. From 100 parts of nightsoil (fresh weight) and 50 parts 
of ash, about 75 parts by weight of sun dry poudrette, containing about 10 
per cent of moisture were obtained. 

The chemical composition of the poudrettes obtained by the use of wood- 
ash and ooal-8Wih respectively is given in Table VI. It will be noted therefrom 
that. the coal-ash poudrette is equal to the wood-ash poudrette in regard to its 
content of organic matter and of nitrogen, but is much poorer in calcium, 
potash and phosphoric acid. Field trials with the above two types of poud- 
rettes — ^to hie reported in a subsequent communication — also confirmed the 
much superior manurial value of the wood-ash poudrette. 
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Table VI 

CoynpdvisoTfi of the ckcfniccU composition of wood^dsJi dTid cool-dsh poudvettes 

{analytical figures on dry basis) 


Constituents 

Poudrette of night- 
soil with 60 per 
cent wood- ash 

1 

Poudrette of night- 
soil with 60 per 
cent coal-ash 


(Per cent) 

(Per cent) 

1. Ash free organic matter 

18-51 

18*84 

2. Carbon 

1112 

11-86 

3. Nitrogen 

1-32 

1-30 

4. Ash 

00 

81-16 

5. KgO 

4-17 i 

1 

1-11 

6. P.O, 

2-84 1 

1-01 

7. CaO 

24-24 

4-31 


The advantages of the ash poudrette method as compared with the earth 
poudrette method described in section on ‘ night-soil earth poudrette ’ 
above or the natural drying of night-soil examined in sec^tion on ‘ poudrette 
without the addition of any debyrating agent * above are : (1) tlio rapidity 
with which the process is finished, the ash-poudrette method requiring only 
two to three days, as against six to eight months needed in the other two 
cases ; (2) the smaller amount of space required, the ash-poudrette method 
requiring only a shallow tank for mixing operations and a drying yard, where- 
as the other methods require long trench space ; (3) the effective control of 
smell and flybreoding secured in the ash-poudrette method, so that the poud- 
rette making unit can be situated quite near to towns instead of at a consi- 
derable distance from towns as in the other methods ; this means considerable 
saving in cartage expenses ; (4) the absence of a loss of manurial constituents in 
the ash-poudrette method due to volatilization or to seepage into the ground ; 
(5) the considerable increase in the manurial value of the product obtained, 
due to the addtion of wood-ash which is rich in calcium, potash and phospho- 
ric acid ; (6) the greater yield of manure obtained by the wood-ash method, 
as compared to the other two methods. The use of coal-ash in place of 
wood-ash secures the advantages mentioned above, except No. 5. In fact, 
the manurial value is adversely affected due to the high concentration of iron 
and alumina present in coal-ash. 

, . Discussion 

In assessing the relative merits of the poudrette vs. composting systems 
for the disposal of nightsoil, the following points have to be considered from 
the point of view of the municipality, viz. (a) hygienic considerations of smell 
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flybreeding and thorough destruction of noxious products ; (6) simplicity of 
operations and cost of process to the municipality ; and (c) the yield and qua- 
lity of manure obtained and the net income obtainable by the municipality 
over and above the cost of processing. It will be convenient to consider these 
points separately. 


(a) Hygienic considerations 

The Nasik system of covering the nightsoil in trenches with a thin layer 
of rubbish {katchra) would appear to provide scope for flybreeding, unless 
stringent precautions are adopted to cover up immediately the portions where 
the nightsoil froths up and bursts the covering, especially in the initial stages. 
Since the process is mainly one of drpng, the nightsoil does not undergo 
satisfactory decomposition and the resulting poudrette still retains an ofien- 
sive odour, which becomes perceptible when the material is spread on the land ; 
the smell is carried in the direction of the wind over several miles even. It is 
this drawback which militates against the more widespread use of this material 
in our country — especially in areas where the farmer lives on his land. 

The covering of the nightsoil trenches with a thick layer of mud six inches 
deep or more, satisfactorily prevents flybreeding. The microbial decomposi- 
tion is greater in this case, due to the sinking down of the soil and its admix- 
ture with the nightsoil. But the admixture is not thorough, nor does ordinary 
earth by itself supply the carbonaceous material necessary for effective decom- 
position. As such, the decomposition is only partial in this case and the re- 
sulting poudrette still smells of nightsoil, though to a lesser extent than in the 
case where nightsoil is dried by itself. A marked disadvantage of adding earth 
to nightsoil, for purpose of drjdng, is the considerable dilution of manurial 
constituents produced thereby. This point will be dealt with in more detail 
under manurial considerations. 

The ash-poudrette method is a distinct improvement over the other two 
systems, since wood-ash acts as a satisfactory disinfectant and also removes 
most of the smell. Flybreeding is successfully prevented. The main draw- 
back of the ash-poudrette method, from the hygienic point of view, is that it 
does not secure a thorough destruction of the noxious products e.g. through 
a process of fermentation as the composting process does. The nightsoil 
ash system is more or less a mechanical mixture — at least for some weeks after 
its preparation ; and the addition of water is generally enough to separate the 
constituents and regenerate the undecomposed constituents of nightsoil. 

From the above point of view, composting is the most liygienic method 
of disposal of nightsoil. The material is so thoroughly decomposed in the 
process, that the resulting product possesses generally a pleasant earthy smell 
and is devoid of any unpleasant odour. If the hot fermentation system of 
composting be adopted, flybreeding and smell are most effectively over- 
come. 


(6) Simplicity of operations and cost 

It is no doubt true that the present system of ‘ trenching ’ the nightsoil, 
as adopted by most municipalities in this country is simple, but it is highly 
in efficient from the manurial point of view. With a little more control and 
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supervision, it is possible to compost the nightsoil with street rubbish in the 
same trenches as are used at present, with the result that a much greater 
quantity of manure of good quality could be obtained. 

The preparation of wood-ash -nightsoil poudrettes, if properly organised, 
may prove to be the simplest of all methods of disposal of nightsoil. The 
process requires much less space and time than the ‘ trenching ’ method and 
the cost of operation is proportionately decreased. It may be possible to cut 
down the time and space required for the ash-poudrette method still further, 
by carrying out the operations with simple machinery at higher temperatures, 
e.g. 60-70°C, such that a dry product is obtained straight from the ‘ mixer *, 
which is ready for immediate packing and transport. 

But the ash-poudrette method suffers from one or two serious disadvant- 
ages, which detract greatly from the value of its simplicity and cheapness. 
In the first place, it requires large supplies of wood-ash which may not be 
readily available. About six to eight tons of wood-ash per day may be required 
to deal with the nightsoil collected in a town with a population of about 100,000. 
The Poona Municipahty tried to overcome this difficulty [Kelkar, 1909] by 
burning the organic portion of street refuse and using the ash so obtained. 
But this method should be considered wasteful, since it involves the loss of 
organic matter and of nitrogen contained in such street refuse, which possess 
distinct manurial value on our soils which are poor in organic matter and 
nitrogen. It would be sounder economics to convert such organic street 
refuse into manure by a process of fermentation. As an alternative to the 
method of burning street refuse, for obtaining the ash contained therein, 
municipalities can have recourse to a systematic collection of ^house hold ash 
separately from the dustbins and subjecting this to a preliminary heating be- 
fore using it for poudrette making. This method may prove practicjable in 
some of the smaller municipalities. At other centres where coal-ash is avail- 
able in large quantities, this may be used to supplement the available supplies 
of wood-ash. 


(c) Quuniity and quality of manure and income to the municipality 

Table VII gives data comparing the chemical composition of poudrettes 
against com|X)sts of nightsoil with street sweepings. In assessing the relative 
merit of any one method of disposal of nightsoil in comparison with another, 
consideration should be paid not merely to the chemical composition of the 
manure prepared but also to the total quantity of it obtainable by the method 
m question. Thus, referring to the data presented in Table VII one would 
note that the poudrette obtained by simple drying of nightsoil in trenches 
with a thin covering of rubbish (Nasik system) is very satisfactory in its 
chemical composition and contains a higher percentage of nitrogen, organic 
matter and phosphoric acid than comi)osts. But the amount of manure 
obtained by the method from 1000 lb. of nightsoil is only 270 lb., including 
the rubbish added and extraneous soil contamination, while the hot fermenta- 
lon system yields over five times the above quantity of manure (on dry basis). 
The system adopted by most municipalities of covering the nightsoil in tren- 
ches with a heavy layer of soil, yields a larger quantity of manure, viz. 664 lb. 
than the Nasik system, but in this case the manurial constituents are very 
much diluted by the inert mass of soil added. In spite of the dilution, tl4 
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resulting poudrette contains about 1 per cent of nitrogen and 13 -5 per cent 
of organic matter and should be considered as satisfactory for application to 
land. But the total quantity of manure obtained by this system is still only 
a third of what is obtainable by the best systems of composting and the chemi- 
cal composition is definitely poorer. 

Table VII 


Comparison of the chemical composition and yield of poiidrettes and composts 



Poudi*ette 
by drying 
nightsoil 

Nightsoil- 

Nightsoil- 

— - — ___ 

Compost from N. S. 
and street rubbish 


with a 
thin 

covering of 
rubbish. 

earth 

poudrette 

wood -ash 
poudrette 

Hot fer- 
mentation 
method 

Aerobic 

method 


lb. 

lb. 

lb. 

1 

lb. 

lb. 

Yield of manure (dry wt. 
from 1,000 lb. fresh Night- 
Soil. 

270 

664 

700 

1,500 

1,000 

Percentage analysis of 
manure on dry basis 

Per cent 

i 

1 1 

Per cent 

^ 1 

Per cent 

1 

Per cent 

Per cent 

1. Ash free orgnic matter . 

; 43-33 

1 

13-63 

18-51 

31-85 

28-89 

2. Carbon 

j 24-87 

1 

7-07 

11-12 

18-01 

14-98 

3. Nitrogen 

2 31 

1-03 

1-32 

1-13 

0-99 

4. Aah • . ■ > 

66-66 

! 87-64 ' 

1 ; 

81-49 

68-15 

71-11 

5. PjOs .... 

2-07 

' 0-81 

2-84 

1 -08 

1-48 

6. K,0 .... 

! 1-28 

0-47 

4-17 

1-06 

1-48 

7. CaO .... 

L _ 


24-24 

, 9-12 

12-77 


The wood ash-poudrette method on the other hand has the attractive 
feature that it yields a good type of manure rich in lime, potasJi, phosphoric 
acid and nitrogen. 

As will be seen from Table VII, the quantities of phosphoric acid, potash 
and calcium present in the ash-poudrette are two to four times as great as 
those ordinarily present in composts and the nitrogen percentage is slightly 
higher. As such it seemed worthwhile making a critical comparison of the 
economics of disposal of town wastes by the above two methods — on the 
supposition that the organic portion of street rubbish is incinerated to yield 
the ash required in the former method. The results of such a comparative 
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study are presented in Table VITI. Data for the preparation of coal-ash- 
nightsoil poudrettes are also included, though, as already pointed out, the 
manurial value of such poudrettes is much less — the reason for the inclusion 
being that large quantities of coal-ash are available as waste material at 
several centres. 


Table VIII 

Comparison of the economics of conversion of nightsoil into composts and ash- 

poudrettes 


Data per ton of compost (60 per cent moisture) or 

Compost of Night-soil with 
street sweepings. 

Poudrette of Nightsoil 
with ash 

per ton of poudrette (lO per cent moisture) 

Hot 

fermentation 

process 

Aerobic 

method 

Wood-ash 

Coal-ash. 

Refuse required. 

Ib. 

lb. 

lb. 

lb. 

Nightsoil 

760 

1,100 

8,000 

8,000 

street sweepings . 

Wood or coal-ash 

1,250 

1,650 

1,500 

1,500 


Re. A. P. 

Re. A. p. 

Re. A. P. 

Rs. A. P. 

Extra cost to the municipality In preparing compost or 
poudrette per (on of manure. 

0 8 0 

10 0 

0 8 0 

0 8 0 


Per cent. 

Per cent. 

Per cent. 

Per cent 

Plant nutrients per ton of manure (60 per N 

cent moisture in composts and 10 per P,0, 
cent in ash poudrettes). K,0 

CaO 

Organic 

matter. 

0 57 

0*54 

0*63 

4*50 

15*92 

0*49 

0*74 

0*74 

6*38 

14*45 

1*19 

2*83 

3*76 

21*82 

16*66 

1*17 

1*00 

1*18 

3*88 

16*96 


Rs. A. P. 

Rs. A. p. 

Rs. A. P 

Rs A. P 

Price of above nutrients at normal market rates for in- 
organic fertilizers viz. — 

Ks. 5 per unit of N (1 per cent per ton) 

] 




Its. 26 per unit of ir,0 and P,0,. 

Re. 0*1 per unit of CaO. . • . . , 

Re. 0*05 per unit of organic matter 

1- 6 12 0 

7 8 0 ! 

] 

25 8 0 

12 8 0 

Price of above nutrients calculating on the basis of 60 
per cent availability of the nutrients. 

3 0 0 

1 

3 12 0 , 

i 

12 12 0 

6 4 0 

Expected sale price per ton of manure 

2 0 0 

At Re. 1 per cart] 
of manure (50 
moisture) 

2 0 0 ! 
ioad (4 ton) I 
per cent j 

5 0 0 
Supplied by * 
ton (10 per 
ture) 

2 8 0 
weight per 
cent mois- 

Profit over cost of preparation per ton of manure . 

18 0 

1 1 0 0 

4 8 0 

2 0 0 


Tons 

Tons 

Tons 

(.Tons 

Amount of manure that could be prepared in a munici- 
pality of 100,000 population. 

12,000 

8,000 

3,000 

3,000 


Rs. 

Rs. 

Rs. 

Rs. 

Annual income to municipality after deducting extra ex- 
penses incurred for manure preparation. 

18,000 

8,000 

18,600 

6,000 

Approximate annual expenses of municipality of 100,000 
population for collection and removal of nightsoil 
and street rubbish (excluding supervising stafi ). 

36,000 

36,000 

36,000 

36,000 
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In the data presented in Table VIII only the extra cost to the munici- 
pality in carrying out the composting or poudrette making is included. The 
costs of collection of refuse materials and their transport to the manure making 
depot are not included, it being assumed that these form part of the regular 
sanitary work of the municipality which is being carried out at present and 
will have to be continued in future, purely from considerations of hygiene, 
irrespective of the way in which the refuse materials are disposed off finally. 
In comparing the relative costs of processing assigned to poudrette making 
and to composting, it must be noted the poudrettes prepared contain only 
about 10 per cent of moisture, whereas the composts contain 40 to 60 per cent 
of moisture. Hence, on an equal dry-weight basis, the cost of processing in 
compost making would be almost double the figures given in Table VIII. 
Between the two systems of composting, the higher charges allotted to the 
fisrobic method are due to : (a) the number of turnings that have to be given 
in that method and consequent increased labour charges ; (6) the extra water 
that has to be added in the aerobic method at each turning ; and (c) the larger 
amount of refuse material that has to be dealt with initially, to produce one 
ton of final compost, on account of the greater loss of organic matter in the 
aerobic method. 

The content of plant nutrients contained in the different manures 
(Table VIII) are taken from Table VII, and the price per ton of manure has 
been calculated on the basis of the normal unit prices for the chief manurial 
ingredients such as nitrogen, potash, phosphoric acid and calcium contained 
in the corresponding inorganic fertilizers. The values so obtained represent 
only the upper limit, for it is well known that the nutrients present in bulky 
organic manures such as composts or farmyard manure are but partially 
available for plant growth and that only slowly. The residual value of an 
organic manure, however, is an important consideration for which due provision 
must be made in assessing the cost of that manure. Long duration experi- 
ments extending over several decades, carried out at Rothamsted and at 
Woburn [Rothamsted Report, 1932] with farmyard manure have shown that 
about 50 per cent of the nitrogen of farmyard manure is recovered in the 
crops and in the soil over a period of years, but the remaining 50 per cent is 
lost, either into the atmosphere or into the sub-soil. Corresponding field 
trials with composts in order to assess the nitrogen availability of different 
types of composts have not been nifide, but it may be assumed that in the case 
of composts prepared from nightsoil, the availability of nitrogen would be at 
least 50 per cent. Actual field trials carried out at Bangalore, over several 
seasons, have shown that such nightsoil compost/s and poudrettes give higher 
crop yields than farmyard manure. 

The degree of availability of the other manurial constituents such as potash, 
phosphoric acid and calcium, present in composts, has not been determined, 
but taking on a rough average that all constituents are available to an extent 
of 50 per cent, the prices per ton of manure work out to Rs. 3-6-0 to Rs. 3-12-0 
in the case of nightsoil compost, Rs, 12-12-0 for the wood-ash-poudrette and 
Rs. 6-4-0 for the coal-ash-poudrette. 

But, in fixing the prices of the manures, due consideration must be paid 
,to the cost of transport of the manure from the Municipal Depot to the ryot’s 
land, probably several miles oflF. In order to provide for both the above 
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factors, the actual sale prices of the manures are fixed in Table VIII at about 
J to J of their intrinsic manurial value. Thus, the composts are priced At 
Rs. 2 per ton, i.e. at Re. 1 per cartload of half a ton, while the wood-ash-poud- 
rette is priced at Rs. 5 per ton and the coal-ash-poudrette at Rs. 2-8-0 per 
ton. 

The profit over the cost of processing, is found to be greatest in the case 
of the wood-ash-poudrette, being Rs. 4-8-0 per ton, as compared to Rs. 2 per 
ton obtained for the coal-ash-poudrette, Re. 1-8-0 per ton for the hot fermented 
compost and Re. 1 per ton for the aerobically prepared compost. But these 
profits have to be weighed against the respective total quantities of manure 
that could be j)repared in any particular area. In a municipality with a popula- 
tion of 100,000 for instance, about 4,000 tons of nightsoil and 20,000 tons of 
street sweepings containing about 6,000 tons of organic refuse, may be expected 
to be collected per year. Prom this amount of refuse, it would be possible to 
prepare about 12,000 tons of compost (50 per cent moisture) by the hot fer- 
mentation process, 8,000 tons of compost (60 per cent moisture) by the aerobic 
method and only 3,000 tons of poudrette manure (10 per cent moisture) either 
with wood-ash or with coal-ash. Multiplying the profit per ton of manure 
by the respective quantity of manure prepared, we find that the greatest 
income to the municipality (Rs. 18,000 per year) could be expected by adopting 
the hot fermentation system of composting, followed respectively by the 
wood-ash-poudrette method (Rs. 13,000), the aerobic method of composting 
(Rs. 8,000) and the coal-ash-poudrette method (Rs. 6,000). 

It will be interesting to compare the above incomes with the average 
expenses incurred by a municif)ality of the above size for the actual collection 
and transport of nightsoil and street rubbish (excluding the salaries of the 
supervising staff), which may be estimated at about Rs. 36,000 per year. 
Hence, by adopting the hot fermentation process of composting, it would be 
possible for the municiy)ality to recoup about half of the expenses incun*ed 
for the collection of town refuse in its area, whereas by the wood ash poudrette 
method more than a third of the above expenses could be recovered. This 
income is in addition to what the municipality could obtain by a preliminary 
sorting out, from street rubbish, of products such as waste paper, rags, tins, 
leather, iron pieces, glass etc., which could be marketed separately and be 
made to yield a considerable revenue, especially in the bigger municipalities. 

A greater income than the above could be obtained by a judicious com- 
bination of both the compost and ash-poudrette methods. It has already 
been pointed out in an earlier communication [Acharya, 1940] that though 
the hot fermentation jjrocess of composting secures a better conservation of 
nitrogen than the aerobic method, still about 20-25 per cent of the nitrogen is 
lost in the former case. This loss was attributed to the narrow C : N ratio of 
nightsoil (about 8 : 1) and of street sweepings in India (about 26 : 1), and, 
consequently, of a mixture of the two. It was pointed out also in the above 
communication that the loss could be minimized by widening the initial C : N 
ratio, which could be effected to a certain extent by decreasing the proportion 
of nightsoil : organic refuse : soil fraction below the ratio of 2:2:1 (by 
weight) used in the above experiments. This would mean the setting free of a 
portion of the nightsoil to be disposed off otherwise than by composting! 
The quantity of nightsoil so liberate could best be converted into wood^aah- 
poudi^tte. 
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It is, therefore, suggested that with a view to secure the fullest utilization 
of the manurial constituents present in town wastes (including nightsoil, 
house-hold ash and street sweepings) with the least loss of those constituents 
during the process of conversion into manure, it would be of advantage to a 
municipality to adopt and carry on both systems of manure-making side by 
side, viz. preparation of ash-poudrette and composting with street sweepings. 
The quantity of nightsoil used for poudrette making would depend on the 
quantity of ash, (household ash or coal-ash) available in the locality ; and the 
remaining bulk of nightsoil could be composted with street sweepings, pre- 
ferably in a proportion of not less than one part by weight of nightsoil for 
every two parts of the ‘ organic ’ fraction and one part of the ‘ soil ’ fraction 
of street sweepings. 

An objection sometimes raised against the adoption of the conif)osting 
procedure is that it requires too much of space and time. But this difficulty 
will not arise in those cases (forming over 90 per cent of the municipalities in 
India) where the ‘ trenching ’ (or ‘ pitting ’) system is at present being adox)^d 
for the disposal of nightsoil. since the operations of composting could be carried 
on in a fraction of the trench area used at present and in a much shorter time. 
But in the case of densely populated urban areas of big cities. i)ro vision of 
enough spa(*e for composting pvir|x>ses may offer practical difficulties. In 
such cases, it is possible to minimize considerably the space and time required 
for c'omposting by carrying on the process in closed cells at a rax>icl rate in 
about 15 days) with the help of suitable mechanical devices, as in the Hyganic 
Proc^ess recently adopted by the Kensington Borough Council [Anstead, 1939] 
for dealing with its tow n refuse. But the relative economics of such mechaniz- 
ed processes, as compared to the simpler types of composting or poudrette 
making described in this paper, require further and more detailed examination, 
especially under Indian conditions of labour and market prices for organic 
manures, before the adoption of such mechanized systems could be recom- 
mended. 


Summary 

1. A critical study has been made of the different methods of poudretto 
preparation, e.g. by use of (a) nightsoil without the addition of earth ; (b) night- 
soil plus earth and (c) nightsoil phis ash, in comparison with the methods of 
comi>osting, with special reference to : («) hygienic considerations ; (b) manurial 
value of the products obtained, as revealed by chemical composition ; (c) cost 
of operation and (d) total income obtainable by a municipality by adopting the 
process. 

2. It is found that the drying of nightsoil by itself involves heavy losses 
of nitrogen, organic matter, phosphoric acid and potash, due to liquefaction 
of nightsoil and seepage of the liquid portion into the ground. The addition 
of dry earth decreases the losses to some extent, but as considerable quanti- 
ties of earth are required, the resulting product of nightsoil with earth is low 
in manurial constituents. 

3. The preparation of W’ood-ash -nightsoil poudrettes has several features 
to commend it, from the hygienic and manurial standpoints, and is a promis- 
ing method of disposal of nightsoil. The operations can be carried out in a 
compact plant, quite rapidly, saving space and time and yielding a product 
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of high manurial value, which could be readily transported and sold over a 
wider area than compost. 

4. The preparation of wood-ash-nightsoil poudrettes, however, suffers 
from some serious drawbacks, viz. (a) the difficulty of obtaining enough supplies 
of ash, and {b) the fact that the method does not solve the problem of a satis- 
factory disposal of street rubbish. The total yield of manure obtained by 
composting street rubbish with nightsoil is nearly twice as much, on the dry 
basis, as is obtainable by the conv'ersion of nightsoil into the ash poudrette ; 
and the net income to the municipality by adopting the composting process is 
nearly times as much as in the other case. 

5. With a view to secure the advantages of both systems, it is recommend- 
ed that the system of poudrette making from nightsoil and wood-ash may be 
adopted to the limit of the local availability of wood (or house-hold) ash and 
that the remaining bulk of night.soil may be composted with street nibbish. 
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NOTES 

NOTICE 1 OF 1940 (JANOARY, MARCH 1940) 

T he following plant quarantine regulations and import restrictions have 
been received in the Imperial Council of Agricultural Reaserch. Those 
interested are advised to apply to the Secretary, Imperial Council of Agricul- 
tural Research, New Delhi, for loan. 

List of U. S. Department of Agriculture, Bureau of Entomology and 
Plant Quarantine, Service and Regulatory Announcements. 

1. Quarantine and other official announcements — 

Dutch Elm Diseas Quarantine Regulations — modifications. 

2. Summaries of plant quarantine import restrictions : — 

(Q Kingdom of Italy — Italian East Africa — cotton restrictions. 

(ii) Republic of Paraguay^Basic Legislation — the digest. 

(in) Republic of Ttcrkey — Prohibited plant pests and diseases. 

(iv) Colony and Protectorate of Kenya — Government notice No. 468 — 
addition of potatoes to the list of restricted seeds. 

{v) Jamaica, British West Indies — Import permit required for plant 
material. 

3. Service and Regulatory Announcements — 

(i) April — June 1939, 

{ii) July — September 1939. 

4. List of Intercepted Plant Pests — 1938, 


CHANGES IN NOMENCLATURE 

W ITH the transfer of the Imperial Agricultural Research Institute from 
Pusa to New Delhi it has been found necessary to alter the nomenclature 
of the ‘ Pusa ’ varieties. The improved varieties so far evolved at Pusa 
and others that may in future be bred at New Delhi will henceforth be known 
as ‘ Imperial Pusa ’ varieties. The number of the variety in each case will 
be preceded by the letters ‘ I. P. ’• This nomenclautre will also be adopted 
for the milch herd of the Institute as well as for herbarium specimens and 
specimens of insects, fungi, etc. This change has been made to keep up the 
earlier association of the Institute with the word ' Pusa ’ and at the same time 
to distinguish the strains bred by the Imperial Department of Agriculture from 
those which may be bred by the Bihar Agricultural Department at their station 
at Pusa. 
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A list of the old and the new names of the varieties of crops under dis- 
tribution is given below : — 


Crop 

Wlicat 
Do. . 
Do. . 
Do. . 
Do. . 
Do. . 
Do. . 
Do. . 
Do. . 
Barley 
Do. . 
Oats . 
Do. . 
Do. . 
Do. . 
Do. . 
Paddy 
Do. . 
Do. . 
Do. . 
Do. . 
Do. . 
Do. . 
Do. . 
Bahar, 
Do. . 
Do. . 
Do. . 
Do. . 
Gram, 
Do. . 
Do. . 
Do. , 
Do. . 
Do. . 
Do. . 
Mnng 
Do. . 
Do. . 
Do. . 
Vrid . 
Do. . 
Do. . 
Do. . 
Lentil 
Do. . 
Peas 
Linseed 
Do. . 
Do. . 
Linseed 
Do. . 
Do. . 
Do. . 


Old name 


New name 


• 

« 

• x'usa 

• a 

• 

a 4 

12 

1 . r. 

I. P. 

• 

• 

. 

• >> • 

, 

52 

I. P. 



a 

• • 

, 

. 80— 5‘ 

I. P. 




• J> • 

, 

111 

I. P. 




. .. . 

, 

114 

I. P. 




. .. • 

. 

120 

I. P. 




• ». . 


125 

I. P. 




• »> • 


165 

I. P. 




.. Type 


13 

I. P. 




• “j »» • 


21 

I. P. 




. ,, B. 8. 


1 

I. P. 




. B. S. 


2 

I.P. 




. „ Hyb. 


C 

I. P. Hyb.. 




• »» • 


G 

I. P. 






J 

I. P. 




. Piisa Tj’po 


9 

I. P. 




• ft 99 • 


18 

I. P. 




* 99 )' • 


24 

I. P. 




• 99 • 


31 

I.P. 




• 9* ... 


52 

I. P. 




• .« • 


124 

T. P. 






129 

I. P. 






144 

I. P. 




• .> >. • 


15 

I. P. 




• «» ... 


24 

I. P. 




• .. . 


51 

I. P. 




* .. J. • 


64 

I. P. 




• 99 5. ‘ 


80 

I. P. 




* .. >. • 


2 

I. P. 




• •• • 


6 

I. P. 






17 

1. P. 






25 

I. P. 




• .. ... 


28 

I. P. 




• .. • 


53 

I. P. 







58 

I. P. 




' >J • 


18 

I. P. 




• .. 9 . . 


23 

I. P. 






28 

I. P. 






36 

I. P. 




• "f 99 • 


4 

I. P. 




• 9f f, . 


6 

I. P. 




' 99 99 • 


7 

I. P. 




* 99 99 • 


14 

I, P. 




* 99 99 • 


11 

I.P. 




„ Hyb. 


.11D86 

I. P. Hyb.. 


• 


. 9 . S. . 


29 

I. P. 




„ Type 


12 

I. P. 




• 99 99 • 

• 99 99 • 


. 121 
. 124 

I. P. 

I. P. 




. PusaH. 


10 

I. P.Hyb.. 

• 

e 


• 99 H. . 


21 

I. P.Hyb.. 

• 

• 


• 99 H. a 


55 

I. P. Hyb.. 

• 

• 

• 

• 99 H. a 


68 

I. P. Hyb.. 

• 

• 


4 

12 

52 

80*— 5^ 
111 
114 
120 
12& 
165 

la 

21 

1 

2 

1 

2 

3 

9 

18 

24 

31 

52 
124 
129 
144 

15 

24 
51 
64 
80 

2 

6 

17 

25 
28 

53 
58 

18 
23 
28 
36 

4 

6 

7 

14 

11 

1 

29 

12 

121 

124 

10 

21 

55 

68 * 
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Crop 

Old name 

Sesamum • 

Puea Type . 

Do. . 

»» » • 

Do^ . 

•a *» • 

Safflower^ . 

ft »» • 

Chilli 

ff tf • 

Do. . 

ff ft • 

Do. . 

ft ft • • 

Do. . 

ft tt • 

Hemp 

ft tt • ‘ 

Do. . 

tf tt • 

Do. . 

New Hibiscus. 

Tobaooo IN, Taba- 

cum) 

Pusa Type 

Do. . 

.f tt • 

Do. . 

ft tt • 

Do. 

Hyb. . 

Tobacco (N. ruM* 

iica) 

.. Type . 

Indian Hemp 

ft tt • • 


New name 


3 

I. P. 

3 

7 

I. P. 

7 

29 

I. P. 

29 

30 

I.P. 

30 

34 

I. P. 

34 

41 

I. P. 

41 

46— A 

I.P. 

.46— A 

51 

I.P. 

51 

3 

I. P. 

3 

6 

I. P. 

6 


1. P. Sab. 

6 

28 

I. P. 

28 

68 

I. P. 

58 

63 

I. P. 

63 

142 

I. P. Hyb. 

142 

18 

I.P. 

18 

1 

I.P. 

1 



REVIEW 


Supplement to Boot Nodule Bacteria and Leguminous Plants, by E. B. Fbbb, 
I. L, Baldwin & E. McCoy 

T he authors have collected the references to the recent work and have 
listed the papers published from 1932. the date of publication of thoir mono- 
graph ‘ Root Nodule Bacieria and Leguminous Plants \ upto 1938. A few 
pipers which were overlooked in the authors’ book in 1932 are also listed 
separately. The index is also supplemented by a list of scientific names of 
all plants cited in the original monograph and by an author index. No attempt 
is made in this supplement to interpret the results of the recent investigations. 
The supplement will be useful as a comprehensive list of references to workers 
in this field of research. [N. V. J.] 


OIPD — S3 — 1000 IC of AR — 9*7-40 7C0. 
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ORIGINAL ARTICLES 

THE EFFECT OF DIFFERENTEIL IRRIGATION AND 
SPACING ON THE FIELD BEHAVIOUR AiSTD 
QUALITY OF CAMBODIA CO 2 COTTON 

BY 

V. RAMANATHA AYYAR., L.Ag. 

NAZIR AHMAD, M.Sc., Ph.D., F. Inst. P. 

AND 

N. C. THIRUMALACHARI B.Sc. Ag. 

(Rocoived for publication on 22 February 1938) 

(With two text -figures) 

Introduction 

M ore than five lakhs of acres are being cropped under Cambodia cotton 
{O. hirsutvm) in Madras province. Nearly 60 per cent of this area is 
being irrigated from water lifted from wells with a low water-table. Irriga- 
tion in such places forms an expensive item in the cost of production. Sur- 
prisingly enough, the cotton growers there go on irrigating their crop very 
frequently without considering the requirements of the plants. Such a 
practice, not only reduces their margin of profit, but also j)reclude8 them from 
making the best use of the limited supply of water available in the wells. 

It was thought desirable to determine the optimum frequency of irriga- 
tion for a crop of Cambodia cottun and to study whether such frequencies 
would affect the qualities of fibres. 

Material and methods 

For this purpose experiments were conducted during 1932-35 on the 
cotton breeding station situated in Coimbatore district, which contains the 
highest acreage in the province under Cambodia cotton. Their particulars 
are described, for the sake of easy reference, under the following heads : — 

(a) Nature of the soil , — In the trials conducted during the first two years, 
the soils were reddish loam but they were of different depths. In the first 
year, the kankar layer was below five feet, while in the second, it was within 
two feet at some places. The soil used in the third year was distinctly alkaline 
and heavy, with defective drainage. These soils could, however, be taken 
as fairly representative of the types of soil over which Cambodia cotton is 
being grown in that district. 

(6) Time of sowing , — Generally this exotic cotton is usually sown in 
.Ootober-November soon after the onset of the north-east monsoon. It has, 
however, been found in the experiments carried out by the department a few 
years ago, that the yields increased by more than 30 per cent when sown in 
early September and this time of sowing was adopted for the experiments 
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(c) Method of sowing . — ^The cotton growers are in the habit of sowing the 
seeds broadcast and then forming channels and beds for irrigation. The 
Agricultural department found after certain trials that sowing in lines 2^ to 3 
feet apart facilitated intercultivation and picking operations, and began to 
advocate that method as superior. Since line sowing would mean the division 
of the land into ridges, and since formation of ridges and furrows would affect 
the quantity of water consumed by the crop, both the methods, viz, the far- 
mer’s practice of sowing and irrigating in beds, and the departmental advice 
of throwing the land into ridges and furrows three feet apart, were used for 
comparison. In the ridged series, however, two separate spacings of 4 in. 
and 9 in. between two consecutive holes wer3 included. The average stand 
of plants in these spacings are given in the following statement. 


Average nmnber of plants in Ij 100 acre plots 



1932-33 



1933-34 


j 

1934-35 

j 

4 lu. 

0 in. 

1 

Bed« 

4 in. 

9 in. 

Beds 

4 in. 

9 in. 

Beds 

324 

150 

2oa 

338 

137 

219 

272 

128 

217 


It might be mentioned that in the bed series, a neighbouring cotton 
grower was asked to sow and thin in the way ho usually did, so that it 
might be thoroughly representative of the farmer’s conditions. 

(d) Size of plots. — ^l^he plots were of two sizes. For the measurement of 
water used in each irrigation, the area of the full plot was taken into account 
while for the comparison of yields, smaller area in each plot was marked out 
in the centre with the object of removing the effects of the borders. In the 
ridged plots, the plots used for irrigation were seven ridges wide with no out- 
skirts. But for the collection of data of yields, the central three ridges alone 
were taken, leaving two ridges as outskirts on each side. In addition a length 
of 6 ft. was cut out at both extremities of the ridges with a view to eliminate 
the effects of extra spacing and watering. In the flat bed series, areas equal 
to those obtained in the ridged plots wore marked out in each treatment for 
the study of yields. 

The ultimate area secured for yields was 1 • 3 cents in the first year and 
1 cent in the next two years as against 3-7 cents and 2*8 cents used for irriga- 
tioiial treatments in those years. 

In all the three years plots with no irrigation were included in the tests for 
reasons given on the next page. In the first year, these plots were of the 
same size as others, but it was noticed that the width of two ridges left out at 
each side of the central experimental area was not enough to cut away the 
effects of lateral seepage from the irrigated plots. The plots were therefoie 
made wider in the subsequent two years. There were nine ridges in such 
trefitments, out of which three ridges on each of the central three ro 5 ^ 
were rejected for the determination of yields, 
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(e) Irrigation frequencies. — ^When cotton is sown in October-November 
with the starting of the north-east monsoon, the young plants grow in an 
over-saturated soil till the middle of December, by which time the rainy period 
ordinarily terminates. Thence onwards, dry weather prevails till the middle 
of April. It is during this period that the crops suffer from insufficiency of soil 
moisture. If the deficiency is not made up by artificial irrigation, the plants 
shed their buds and even bolls, with the result that the yield per acre is 
reduced from 900 — 1,000 lb. of kapia obtained under irrigated conditions to 
400 — 600 lb. normally recorded on unirrigated fields. The irrigational treat- 
ments were therefore confined to the above periods of drought. All the plots 
were treateil alike from the time of sowing up to that period. The crops were 
just producing stray flowers at the time of the first irrigation. 

The farmers of Coimbatore generally iiTigate their (Cambodia cotton once 
in 12 — 15 days. It was thought sufficient to compare irrigation frequencies 
one shorter and another longer than this interval. 1 he three variants chosen 
were, watering (1) once a week, (2) once in two weeks and (3) once in three 
weeks. These were compared with a set of plots that were not irrigated after 
the rains. Such plots were designated as ‘ dry Fortunately no heavy 
rains were received during the experimental period and those that fell were 
in the form of drizzles and not of such a magnitude as to seriously affect the 
treatments. 

It might be mentioned here that the changes in irrigation frequencies 
were preferred to the quantities of water used in each watering, because of the 
fact that a recommendation made with regard to intervals between two con- 
secutive irrigations \^ould be more easily understood and put into normal 
practice by the farmers than one involving differences in the amount of water 
used in each irrigation, especially when no easy contrivance to measure water 
was available with them. 

(/) Memurement of water . — Inasmuch as irrigations were to be carried 
out by both furrow and bed systems at different intervals, and since the 
amount of water consumed each time would be affected by the intervals be- 
tween two consecutive irrigations, it w^as deen^ed necessary to measure the 
quantities of water used in ea(‘h irrigation in all the treatments. This was 
made possible by the installation of a Kents Lea recorder. In this arrange- 
ment, the water j)umped out from the well was first allowed into a masonry 
cistern to which was connected, by means of a small tube at the bottom, a 
smaller cistern which contained the float of Lea recorder. This float moved 
up and down with the level of wat-er in tlie delivery cistern. This movement 
was automatically recorded by a needle on a chart wound round a drum mov- 
ing slowly by means of clock w ork. On the chart were marked, in thousands 
of gallons, the quantities of water flow ing out of a right-angled V notch fixed 
at one end of the cistern. The water was then conveyed to the fields through 
cement channels with no loss of water by seepage along its course. 

Arrangements were made to record the time taken for irrigating each 
treatment. The method adopted w^as to note with the aid of a stop-watch 
the difiference between the time of entry of water into tLe first furrow or bed 
and that when the water was diverted from the last furrow or bed. The quan- 
tity of water consumed was calculated by multiplying the time taken for 
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irrigation by the rate of discharge as recorded during that period in the chart 
of the Lea recorder. To ensure that the watering done to each plot was of 
almost uniform depth at each irrigation, the following procedure was ob^rved. 
In the furrow system the inlets were closed as soon as water reached the fur- 
ther ends, while in the bed system they were closed immediately the water 
was found to spread over the entire surface of the bed. It might be stated 
that this system was commonly practised l>y all the farmers and as such it 
needed no special effort to adopt. 

(g) Layout oftreMments,—lil\e^ following 12 treatments made up of combi- 
nations of four iri’igations and three spacings were compared. 


Irrigations Spacings 

(a) No irrigation ^ in. 

(b) Irrigation once a wook hi. 

(c) Irrigation once in 2 weeks Broadcast 

{(1) Irrigation once in 3 weeks in beds 


Of these the two treatments — ^no irrigations with 4 in. spacings and no 
irrigation in broadcasted beds — were not included by mistake in the first 
year. The treatments were laid out in randomized blocks replicated four 
times during the first two years and three times in the third year. 

During the course of the experiments some plants died as a result of the 
stem weevil {Peinpheres affinis) attack in all the plots. It was therefore ap- 
prehended that the inequalities in stand thus brought about would have ap- 
preciably disturbed the final yields. The yield data were therefore adjusted 
to equal stand by means of covariance, but on comparing the standard error 
of the crude and adjusted yields {vide below) it was felt that no advantage 
would be gained by the use of adjusted yields. The crude yields themselves 
were used for the statisticjal analysis. 



Standard error of yields 

(’rude 

Adjust(‘d 


P(^r cent 

Per cent 

1932-33 

9-6 

120 

1933-34 

9-5 

90 

1934-3r) 

13-3 

120 


(A) FibreAesis . — These tests included the determination of the mean 
fibre-length, mean fibre-weight per inch and percentages of mature, half- 
mature and immature hairs and were carried out on samples of three seasons. 
The mean fibre-length was found by making one Balls Sorter and two Baer 
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Sorter tests. ^The mean fibre-weight per inch was found by weighing bunches 
of whole fibres on a sensitive quartz micro-balance. About 2,000 fibres in 
14 to 20 bunches were weighed for each sample. The detailed technique of 
these tests is described in Bulletin Series A, No. 25, entitled ‘ Testing of Indian 
cottons for quality at the Technological Laboratory ’, while the method for 
determining the maturity count of a cotton followed in these tests will be 
found in the Technological Bulletin, Series B, No. 20 entitled ‘ Fibre-maturity 
in relation to fibre and yam characteristics of Indian cotbjns.’ 

(i) Spinning technique, and yarn testa . — A full account of the spinning 
technique adopted in the laboratory, and details of machinery, settings, speeds, 
etc., are given in the Technological Bulletin, Series A, No. 25. Such specific 
details as the drafts, spindle speeds, front roller speeds, etc. for each sample 
will be found in the tables of spinning test results in the appendix . Each 
of the three counts of each sample was spun on ten bobbins and the following 


tests were made on each bobbin. 

Description of teats No. of 

tests 

Lea strength and actual counts 5 

Single thread strengt^h and single thread extension 10 

Turns per inch 10 


The methodn followed for canying out these tests are given in the bulletin 
referred to above. Each test result given in the tables of spinning test results 
in the appendix represents the mean of 50 tests in the case of lea-strength and 
count, and 100 in the case of single thread strength, single thread extension and 
turns per inch. The tables of spinning tests results also contain the average 
values of temperature and relative humidity prevailing in the rooms during 
the spinning and testing of each yarn. 

Evenness of a yarn was estimated by visual examination and expressed 
by means of a numeral in the spinning test tables. The number of neps pre- 
vsent in a yarn was also counted at the same time as the yarn was examined for 
evenness. The count M^as made on 40 portions of yarn, each 3-6 inches 
long, ten portions being taken from a bobbin. Neppiness is expressed as the 
average number of neps per yard of yarn. 

Results 

The agronomic data are presented under two heads — water consumption 
and yields — while those concerning the fibre characters ai'e furnished under 
three heads — graders’ reports, fibre test results, and spinning test results. 

(a) Water consumption. — These are dealt with under two sub-heads (1) 
total quantity of water consumed (Table I), (2) water used at each irrigations 
(Table II). 

It will be seen from the table of analysis of variance given in Table IB 
that the block variances were significantly high in all the three years , and 
that notwithstanding them, those due to treatments were still greater in 
magnitude^ signifying that the treatments showed distinctly different require- 
ments of water. When they were scrutinized further, it was brought out that 
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the difiFerences in the frequencies of irrigations were more responsible for the 
differences than the changes in spacing, and that there was no interaction be- 
tween spacing and irrigation frequency. As one should expect, * one week’ 
irrigation consumed the highest amount of water, while that done once in 
three weeks was the least, the differences between the three treatments being 
statistically significant in all tl»e three years. When the effects of spacing 
were analysed, the beha\iour was not consistent. In the first year broad 
casted plots required more water, wdiile in the third year both 4 in. and 9 in. 
sj)aeings consumed more. In contrast to this, no difference was manifested be- 
tween 4 in. and 9 in. spacungs themselves. It is pointed out that the spacings 
by themselves were not lespousible for the differential behaviour. Since 4 in. 
and 9 in. spacings w"ej*e adopted in ridge method of planting as distinguished 
from broadcast ing done in beds, it was plain that the method of irrigation had 
a greater influence for the eausatiou of differences. Analysis of actual data 
for ridges vs. bed confirmed it. It was found that in the first year the bed 
method of irrigation consumed more water and in the third year the ‘ ridge ’ 
method used more. There was, however, one more point to be considered in 
this connection, la the first year (1932-33) the ridges were formed by mistake 
along the slope with the result the irrigations were more quickly done. This 
drawback robbed the data of tfiat year of their significance. When the result 
of the otlier two years alone were sorutinized, it was found that ridge method 
/ of irrigation did not really reduce water consumption as is often claimed. On 
the otlier hand, it tended to increase as in 1934-35. 

If the data of water consumed at each irrigation (Tables II A and IJ B) 
were examined, it was observed that the intervals between consecutive irriga- 
tions affected the quantity of w^ater used each time ; the weekly irrigated plot 
utilized less water at each irrigation tlian that watered oncje in two or three 
weeks. This finding w^as to that extent in harmony w ith normal expectations. 
On closer scrutiny, it was noticed that the relationship between irrigation 
frequency and water (‘onsumption at each irrigation w as not rectilinear. The 
average consumption in the plots irrigated once in two weeks was not double 
of that ill the weekly irrigated, but w^as much less, the difference, however, 
being statistically significant. In the plots watered once in three weeks, the 
requirement was only a little more than in the tw^u-week plots. In fact tlie 
differences were within the limits of statistical significance in all the years 
under study, showing thereby that the significant differences, obtained in the 
total quantities of w^ater referred to previously, was more the effect of 
differences in the number of irrigations given than the actual water used 
each time. 

The spacings had not caused significant differences in the average water 
consumption except in 1932-33, when the ridged plots recorded lower consump- 
tion, but much significan(?e could not be attached to this finding for reasons 
mentioned already. 

Examination of figures for individual irrigations revealed further that the 
water requirements tended to increase with the advance of summer (Fig. 1). 



Avoraj^e quantity of water in acre-inches 
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Dates of irrisfation 

Fro. 1. Average quantity of water consumed by plots ns ti e season advanced (1934*35) 


(6) Yields , — The data of yields of the different treatments are given in 
Table III A. The statistical analysis of the results of the first year (Table 
III B) showed that the variance due to treatments was within the limit of 
significance. They were not therefore considered. On the examination of 
the data of the other two years it was seen that the unirrigated plots yielded 
only 489 and 474 lb. as against 759 and 641 lb. recorded on the average in the 
respective years by irrigated plots. These increases of 58 per cent and 35 
per cent were statistically significant showing thereby the distinct advantage 
in yield got by irrigation. 

A point of some interest was the lower increase obtained in 1934-35 which 
had to be ascribed to the alkaline nature of the soil. 

Amongst the three irrigation frequencies, plots irr gated once a week re- 
corded the highest yields, those watered once in two weeks less and those done 
in three weeks the least. But the differences between them were signifi- 
cant only in 1933-34, and that too only between the one and two week fre- 
quencies. In both years, the yields of plots irrigated once in three weeks were 
practically equal to those of the fortnightly irrigated plots. It was obvious 
from these that the present practice of irrigating once a fortnight could be 
safely put off to once in three weeks. 





Summary of aiwiysis of variance 




Table III A 

Summary of crude yields in lb. per acre 
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Changes in the method of irrigation were not able to cause marked differ- 
ences in productivity. Variations in spacing, however, were able to cause 
significant differences in one year. In 1933-34, 4 in. and 9 in. spaced plots were 
practically equal, while in the next year the difference brought about by closer 
spacing was markedly favourable in the ridged plots. It could be deduced 
from the above that in alkaline soil, the use of a higher seed rate would prove 
more profitable. 

(c) Grader's valuation re^yorls. — The grader’s valuation reports on these 
samples of Cambodia Co 2 grown with different amounts of irrigation in the 
three seasons, 1932-35 are given in Table IV. 

(d) Fibre test results. — The results for mean fibre-length as found by the 
two methods, mean fibre-weight per inch and maturity percentages are given 
in Table V. 

(e) Spinning test results. — The 1932-33 and 1933-34 samples were all 
passed through the porcupine, crighton (twice), hopper, scutcher (3 times), 
card, drawing (2 heads), slubber, inter, rover and spun from single hank roving 
on ring frame No. 1. The spinning master’s report on each sample is given 
in the appendix Only fibre tests were carried out on the 1934-35 samples 
as they were not available in sufficiently large quantities for spinning tests. 

Discussion 

(a) Agricultural conditions and yield. — It was made clear in the foregoing 
pages that under the conditions obtaining at the Cotton Breeding Station 
Coimbatore, irrigating Cambodia cotton from December onwards improved 
the yields, but the rate of increase was not directly proportional to the increase 
in the irrigational frequency. It would be, therefore, necessary to determine 
under such conditions the stage at which the irrigation would become un- 
remunerative. The extra yields secured in the last two years as a result ol‘ 
irrigations were converted into monetary values and compared wdth cost 
incurred in irrigations, and the results were set out in Table VI. It was seen 
there that irrigation done once in three weeks was more remunerative than 
irrigating once a week or once in two weeks, in spite of their recording higher 
yields. 

It could not, at the same time, be said that the three- week irrigation 
would always be the most paying, since it was not tested here whether a still 
lower frequency would result in a better monetary return. This point gained 
some strength from the performances of some treatments tested in 1935-36. 
A few experiments carried out in that year indicated that two irrigations 
timed once in early January and another in early February were as productive 
as irrigations given systematically every three weeks. These are to be tested- 
further. Again it could not be said from the data presented here whether 
the quantity of water apjdied at each irrigation was the optimum. The 
consumption per irrigation varied in the present experiments from 1 • 22 acre- 
inches in 1932-33 to 1 • 96 acre-inches in 1934-35. This dosage would normally 
be considered as light. It might be that a heavier irrigation would alter the 
frequency, and thereby the ultimate gain to the cultivator as well. 

It would be useful now to consider the observations recorded here in the 
light of the data obtained in 1935-36 on the movement of soil-moisture. In 
that year moisture determinations were made periodically in the first, second 
and third foot layers of irrigated and unirrigated plots. The data relating to dry 
plots and plots irrigated once in three weel» are given in Fig. 2 together with 
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Table IV C 

Grader's report for Cambodia Co 2 for 1934-35 season 
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neppy 



Fibre particulars for Cambodia Go 2 for 1932-33 season 
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(b) Half-mature 
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1 . Maturity test results 
(a) Mature 



Fibre particvlars for Cambodia Co 2 for 1934-35 seasm 



• Maturity test restilts :• 
<a) Matoie 
(b) fia]f>mstiire 
(«) Imuittiiie 
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* Kfipas values at Ks. 30 per 280 lbs. 

♦* Cost of single imitation was taken at Rs. 3-8-0. 
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dates of irrigation and rainfall. It would be seen there that in the first foot, 
the fluctuations were wide and moisture levels were very much higher than in 
those in the unirrigated plots. They were high soon after each irrigation and 
least just prior to the irrigation. In the case of the readings of tlic second foot 
the variations were within narrow limits of the unirrigated plots and those oi 
the third foot were practically identical with the second. It was evident 
from these that the irrigations affected mostly the first foot of soil. In other 
words it would appear that the cfiief purpose served by irrigation in Cambodia 
cotton would seem to be to preserve the moisture contents in the second and 
third foot layers and this function could be efficiently served by the irrigations 
given once in three weeks. 

Irrigation 




Fio. 2. percentage of soil-moisture (irrigation experiraenfi 1935-36) 

(6) The results of the various fibre and spinning tests for these two 
seasons are summarized in Table YII. 



Table VII 

Particulars of irrigation experiments samples, 1932-33 and 1933-34 

Coimbatore 
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The following conolusions are drawn from the results. 

(1) Mean fibre-length . — ^The values of mean fibre-length of the 1932-33 
samples are very nearly constant and do not show any significant variation 
with either the irrigation treatment or the different spacings. In 1933-34 
while no significant differences in mean length are observed for samples grown 
with 9 in. spacing, for samples grown with 4 in. spacing the irrigated samples 
are found to be slightly longer than the unirrigated one, while in the case of the 
broadcast seed samples the mean fibre-length of the two irrigated samples is 
less than that of the unirrigated samples. These differences, however, are 
small and most probably within the sampling errors. It may, therefore, be 
concluded from the results of these tests, that neither the frequency of irriga- 
tion nor the different modes of sowing — each within the limits of this experi- 
ment — had any appreciable effect on the mean fibre-length of this cotton. 

(2) Fibre-weight per inch . — The differences between the values of fibre 
weight per inch of the irrigated and the unirrigated samples are small. How- 
ever, in a majority of cases the irrigated samples are found to have a some- 
what higher hair weight per inch than the unirrigated samples. On the other 
hand, the mode of sowing had produced very little change in the hair weight 
per inch. We may, therefore, conclude that while the hair weight per inch of 
this cotton is independent of the mode of sowing employed in these tests, it 
shows a tendency to increase with the amount of irrigation given to the crop. 
In other words, with a more plentiful supply of water, there is a slightly greater 
deposition of cellulose in the fibre. 

(3) Maturity count . — The results of the maturity test show that the irrigat- 
ed samples contain, on the whole, a somewhat higlier j)ercentage of matui*e 
fibres than the unirrigated samples. The mode of sowing, on the other hand, 
has not affected the maturity count of this cotton in any way, as identical 
values are obtained for tliree unirrigated samijles sow n in different ways. 
These results are in line with those obtained for hair weiglit per inch, and show 
that the effect of plentiful supply of water is to increase the j^ercentage of 
mature hairs in this cotton. 

(4) Waste losses . — The results for the total loss sufiered by the samples 
up to the spinning point are interesting as they show that in 17 out of 18 cases 
the irrigated samples gave lower waste losses as compared with the unirrigated 
samples, in the remaining case the losses for the two types of samples were 
equal, while in no case did the total loss of the irrigated sample exceed that of 
the unirrigated sample. The differences between the waste losses of the two 
types of samples are small in 1932-33, but in the following season they lie 
between 2 per cent and 6 per cent, the lowest loss in each of the three sets of 
samples corresponding to 9 in. spacing, 4 in. spacing and broadcast seed, being 
given by the sample which was irrigated once in three weeks. The mode of 
sowing, on the other hand, had practically no effect on the total loss. We 
may, therefore, conclude that while the total loss sustained by this cotton in 
the blow room and the card room is independent of the mode of sowing, it is 
somewhat less if the cotton is grown under irrigation. 

(6) Spinning performance . — In 11 out of 18 cases the spinning performance 
of the irrigated samples is slightly lower than that of the unirrigated samples, 
in five cases it is equal, while only in two cases it is slightly better. Thus, on 
the whole, the yams spmi from the irrigated samples gave lower strength as 
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compared with those spun from the unirrigated samples. The differences, 
however, in the performance of the two types of samples are quite small and 
are most probably due to the effect of irrigation on the hair weight per inch of 
this cotton. Other factors being the same, a coarse cotton would give a 
lower performance primarily because of the fewer fibres present in a cross-sec- 
tion of the yarn of the same count as spun from a relatively finer cotton. It 
should finally be stated that the spinning performance was found to be un- 
affected by the mode of sowing of the samples employed in this experiment. 

(6) Neps per yard . — The yarns spun from the unirrigated samples were 
somewhat neppy in 1932-33 and neppy in the following seasons. In both 
seasons, growing the samples under irrigation reduced the neppiness of the 
yarns, in some cases by more than 50 per cent. The mode of sowing, on the 
other liand, had practically no effect on the degree of neppiness of the yarns. 
We may, therefore, conclude that while the yarn-neppiness of this cotton is 
independent of the mode of sowing adopted in this experiment, it is appreciably 
reduced by growing the cotton under irrigation. This observation agrees 
very well indeed with tlie results of an investigation (*arried out at the Techno- 
logical Laboratory and described in Technological Bulletin Series B, No. 20 
which showed that the degree of neppiness of a cotton was significantly corre- 
lated to the percentage of mature hairs present in it. In the present case irriga- 
tion increased the proportion of mature hairs and hence improved the appear- 
ance of the yarn as regards its neppiness. 

Fibre-test results, 10S4-H/} 

The results of mean fibre-length, fibre-weight per inch and maturity count 
determination for the different systems of irrigation and different spaoings are 
summarized in Tables IX to XI. The following conclusions are drawn from a 
consideration of these results. 

(1) Fibre-length . — On the whole, t he system of irrigation had very little 
effect on the mean staple length. This agrees with the results of the previous 
two seasons. The effect of spacing was a little more marked, the 4 in. spacing 
giving, on the whole, better results than the 9 in. spacing, which in its turn 
gave better results than broadcast sowing. 

(2) Fibre-weight . — ^The irrigated samples gave somewhat higher values 
than the unirrigated samples. This agrees with the results of the previous 
seasons, where it was found that the effect of plentiful supply of water by 
irrigation was to deposit more cellulose in the fibre. The differences between 
the various irrigated samples are non-significant. The samples grown with 
4 in. spacing are, on the whole, somewhat finer than those grown either with 
9 in. spacing or from broadcast sowing. 

(3) Fibre-maturity . — ^The samples which were irrigated once a week had, 
on the whole, a higher percentage of mature hairs than the others. This 
again agrees with the observation for the earlier seasons which recorded a 
higher percentage of mature hairs for the irrigated samples. As regards 
spacings, however, there is practically no difference between the 9 in. spacing 
and the broadcast sown samples, but the samples grown with 4 in. spacing had, 
on the whole, a lower percentage of mature fibres. 

SUMMAKY 

A complex experiment consisting of two methods of irrigation, thi'ee iiTi- 
gation frequencies and two spacings, was conducted on Cambodia cotton for 
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Table IX 
Fibre-lengOi {inches) 


~l 

Spacings 


Intervals of irrigation 



1 week 

1 

2 weeks 

! 

! 3 weeks 

! Dry 

4 in. 

0-89 

0-90 

0*93 

0-94 

9 in. 

0-91 

0*90 

0-88 

0-88 

Broadcast 

0-88 

0‘90 

0-88 

0*88 


Table X 

Fibre-weight per inch {millionth of an ounce) 


Intervals of irrigation 


Spacmgs 

1 week 

2 w(*C‘ks , 

1 3 weeks 

Dry 

4 in. 

' 0133 

0136 j 

0 133 

0-128 

9 in. 

0-138 

0136 j 

0 163 

0-136 

Broadcast 

: 0-146 

i 

0147 j 

i 

0- 127 

0*132 


Table XI 
Maturity {per cent) 

Intervals of irrigation 


^ pacings 

1 

1 week 

1 

1 

2 weeks 

1 3 weeks 

1 



Dr>' 


1 

Mature 

Inv 

mature 

Mature 

Im- 

mature 

! 

Mature 

1 , 

) Im- 

1 mat lire 

1 

Jni- 

Matiire mat 111(5 

4 in. 

i 

1 48 

21) 

40 i 

1 

33 ; 

41 

1 

32 

r 

41 27 

9 in. 

! 45 . 

1 

34 

16 

[ 

'24r ' 

19 ; 

j 

28 

16 33 

Broadcast 

: 54 

1 1 

27 

45 

33 j 

39 1 

40 

50 , 30 

1 
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three seasons at Cotton Breeding Station, Coimbatore. The lint produced in 
each treatment was examined for fibre properties and spimiing performance 
at the Technological Laboratory, Bombay. The results pointed out that : — 

(а) Irrigating Cambodia after December improved the yield definitely. 

(б) Irrigating once a week tended to give highest yields ; but the increase 
obtained was not of such a magnitude as to pay for the extra expense involved 
in giving additional irrigations. 

(c) Irrigating once in three weeks was most profitable. 

(d) The quantity of water consumed at each irrigation by ‘ one week ^ 
plots was distinctly less than in plots irrigated once in three weeks. 

(c) On a level field there was little difference in the (onsumption of water 
between ridge and bed system of iiiigation. 

(/) Variations in the density of plant population had no effect on water 
consumption. 

(g) Neither the fre<|uency of irrigation nor the different modes of sowing — 
each within the limits of this experiment — had any appreciable effect in 1932- 
33 and 1933-34 on tlie mean fibre-length of this cotton. In 1934-35 season, 
however, the 4 in. spacing gave, on the whole, somewhat higher mean length 
than 9 in. spacing, wliich, in its turn, gave slightly better results than broad- 
cast sowing. 

(A) While the hair- weight per inch of this cotton is practically indepen- 
dent, in 1932-33 and 1933-34 seasons, of the mode of sowing employed in these 
tests, it shows a tendency to increase with the amount of irrigation given to 
the crop. In other words, with a more plentiful supply of water, there is a 
greater deposition of cellulose per unit length in the fibre. In 1934-35 season 
the samples grown with 4 in. spacing are proved, on the whole, to be some- 
what finer than those grown either with 9 in. spacing or from broadcast seed. 

(i) Irrigated samples contain, on the whole, a higher percentage of mature 
fibres as compared with the unirrigated samples. The mode of sowing, on 
the other hand, did not affect the maturity count of this cotton in any way in 
1932-33 and 1933-34 seasons. In 1934-35, however, the samples grown with 
4 in. spacing contained a lower percentage of mature hairs. 

(j) While the total loss sustained by this cotton in the blow room and the 
card room was independent of the mode of sowing, it was somewhat less when 
the cotton was grown under irrigation. 

(fc) While the yarn neppiness of this cotton is independent of the mode of 
sowing adopted in this experiment, it is appreciably reduced by growing it 
under irrigation. This agrees very well with an earlier conclusion of the labora- 
tory that the degree of neppiness of a cotton is significantly correlated to the 
percentage of mature hairs present in it. 

(Z) The spinning performance was found to be unaffected by the mode of 
sowing of the samples employed in this experiment. The yams spun from 
the irrigated samples, on the whole, gave lower strength as compared with 
those spun from the unirrigated samples. The difference, though small, is 
most probably due to the effect of irrigation on the hair-weight of this cotton. 
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INDIGENOUS AND EXOTIC COTTONS OF IRAN 
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(With two text-figuroB) 

Introduction 

I N connection with the improvement of kerbaceum cotton in India by breed* 
ing it was considered that it would be worth collecting early and long 
stapled types of herbaceums from Tran. A scheme to undertake a survey of 
the Iran cotton was therefore suggested to the Indian Central Cotton Commit- 
tee in 1936 and, when it was sanctioned in 1936, 1 was deputed for the work. I 
left Indore on August 31, 1936 and entered the Iranian territory at Zahidan 
on September 9, 1936. The actual survey took a period of eight weeks. The 
only information available about the cottons in Iran was a record by the Rus- 
sian worker, Cheranykaroskya [1930], who had described the great variability 
of herbcLceum cottons in Siestan and Khorasan. 

Cotton areas visited and their characteristics 

The whole journey in Iran, of about 4, 000, miles was done in a car, except- 
ing a few impassable places in Siestan and Khorasan where it was performed 
on horseback. In all 66 different localities were visited and 1,500 single plant 
samples of kapas and 165 samples of soil were collected. The cotton areas 
visited have been divided into three regions, eastern, western and northern 
and their description is given below : — 

The eastern region includes Zabol (Siestan) and the area from Zahidan 
to Meshhad district. It is for the most part a plain sloping from an elevation 
of 4,000 ft. in the west to 1,500 ft. above sea level in the east. The fertile areas 
under cottons are interspersed with large salt areas. The soil in the cultivated 
areas is for the most part light sandy loam of the loess kind and, excepting 
Zabol, is predominantly under herlmceum cottons. The cultivated parts have 
coarse sand with small fragments of rocks on the surface. The colour of the 
soil varies from grey to brown. Rainfall in the western part of this region 
averages about 9 in. while in the eastern 4 in. only. The range of temperature 
at Meshhad is from 15® F. to 76° F., the average being 56‘ 3. 

The northern region consists of a strip of very fertile land, beginning from 
Sabzavar and extending as far as Nowshehr in Mazandaran on the Caspian. 
The soil from Neishapoor to Sudkhar is heavy sandy loam and is predominantly 
under hirsutum cottons. The region from Davarzan to Semnan has for most 
of the parts light loam of the loess kind and is also under herbaceums. The 
uncultivated regions are sandy. In the Mazandaran area bordering on the 
Caspian Sea, the soil is again heavy sandy loam, the cotton growing there 
b^g exclusively of hirsutum type. The colom* of the soil varies from grey 
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to brown excepting in Mazandaran area where it is black or dark brown. 
Mazandaran has an yearly rainfall of 60 in. to 80 in. The range of temper- 
ature at Tehran is from 30 to 111° F. and the average 60-4. The rainfall in 
Tehran varies from about 9 in. to 10 in. 



Fig. 1. Hap of Iran showing cotton areas visited 
The western section comprises the whole of the area from Tehran to Shiraz. 
The cultivated areas are far apart. Districts of Tehran, Qom, Kashan, Isfahan, 
Yazd and Shiraz are very fertile and have vast areas under cotton. The 
intervening regions are barren and sandy. The way from Shiraz to Bushire 
is extremely hiUy. 

The soil of the cultivated areas from Tehran to Morchikhat is heavy sandy 
loam. From Anoushirwan to Yazd the soil is light loam, with the exception 
of Isfahan which has heavy sandy loam. The cotton growing in the western 
region is mostly the herbaeeutn type including the heavy soil areas like those of 
Isfahan and those between Tehran and Morchikhat. The soil of the unculti- 
vated areas from Anoushirwan to Shiraz is highly saline. The colour of the 
ppil for paost of the parts varies from grey to brown, it being dark brown in 
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Shiraz. The average temperature and rainfall for Isfahan, Shiraz and Bushire 
are given below : — 



Maximum 

0 F. 

Minimum | 
® F. 

Average 

Bainfall 

(in.) 

Isfahan 

106 

—3 1 

580 

5*4 

Shiraz 

113 

21 i 

650 

? 

Bushire 

109 

76 i 

91 0 

13*4 



Fio. 2. Map of Iran showing soil areas 

Agbicultdbaij detaii.8 of cotton gbowino 

The TOwi^ time for cotton all over Iran extends from March to May 
except m South Iran where it is earlier, viz. the first three weeks of Februarv 
The se^ is usuaUy broadcast though sowing in lines with buUock-drawn driUs 
is coming mto vogue. A seed rate of 30 to 40 lb. per acre is used in the case 
of a broadcast crop, whUe about 16 lb. suflSces for lipe sowing. Except ip 
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Mazandaran area which receives a rainfall of 60-80 inches during the cotton 
season, cotton all over Iran is irrigated. The number of irrigations varies 
from four to six depending on the availability of water. 

The crop starts flowering from the beginning of May and goes on until the 
end of July, roughly about 80 days after sowing. The picking of cotton is 
carried out from July to October, the first picking commencing about 60-65 
days after the beginning of the flowering phase. In order to hasten maturity 
it is a general practice in Iran to strip the plants of its leaves and also to top 
them at any stage between bud and boll formation. The yield of seed cotton 
is said to average between 400 and 600 lb. per acre although the cotton 
statistioB for 1932-33 records it as over 700 lb. for that year. 

The Entomological Department at Tehran has indentified the undermen* 
tioned pests and recorded their oomparalive incidence. 

Pests which cause very heavy damage : — 

a. Heliothis obsoleta (BoUworm) 30 per cent damage in Mazandaran. 

b. Aphis gossypii and Aphis labumi (plant lice) 20 per cent damage 

in Khorasan and Mazandaran. 

c. Oxycaraenus hyalinipennis (cotton bug) 

d. Dysdercus delauneyi (stainer) causes damage in the province of 

Faras. 

e. Nezara viridula (shield bug) causes damage along the Persian 

Gulf. 

f. Cicadetra Ochreata causes damage in North Iran. 

g. Acyrothosyphon gossypii causes damage in North Iran, 

Pests which cause moderately heavy damage : — 

h. Oryllus desertus (cricket) — ^North Iran. 

i. Oryllotalpa gryllotalpa (mole cricket) — North Iran. 

j. Lethrus — Mazandaran. 

k. Epicanta erythrocephala (Beetle) — Tehran. 

l. Heliothis pdtigera (BoUworm) — ^North Iran. 

m. Plusia gamma (leaf eater) — Tehran and Shahrud. 

n. Botinoderes punctiventris — ^Tehran. 

o. Monastria inermis — Tehran. 

p. Oedalaeus decorus — ^North Iran. 

q. Anacridium aegyptium — South Iran. 

r. Elateridae (wire worms) — two species — Varamin. 

It would be seen that most of the above pests and diseases are common 
in North Iran which is predominantly the American cotton area. The Ameri- 
can cottons suffered heavily from pests and diseases, while the indigenous ones 
were comparatively free. 

Cotton industry in Iran 

Cotton cultivation in Iran has recently been organized, having become a 
State monopoly. The company controlling the cotton cultivation is known 
as * 8hirkat-i-l^hami Pamba * consisting of shareholders from amongst the 
Iranees. It is financed by the Agricultural Bank of Iran which is a branch 
of the National Bank of Iran established in 1930 and has an authorized capital 
of 60,000,000 rials or £625,000 approximately. Both the Company and 
♦ho Baiik have branches aU over the country. The Company sells seeds to 
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cultivators at a nominal rate. The cultivators should sell the produce to 
the Company only and the latter have an exclusive right to export it or sell it 
in the country. As cotton picking ends by October, the ginning factories work 
from November till the end of March, the export time being from December 
to May. According to cotton statistics of 1932-33 the total area under cotton 
and the total yield are about 1 • 6 million acres and 2 • 9 million bales respectively 
(details given in Appendix I). 

There was a project to increase the area to twice its size. A circular was 
issued by the Shah of Iran, forbidding the cultivation of opium poppy 
and to grow cotton in its place. In 1934, the Province of Khorasan (the largest 
cotton-growing province in Iran) produced 60,000 bales of 250 lb. each of 
cotton (47,000 bales of the indigenous cotton, 10,000 bales of ‘ Pure American 
cotton * and 3,000 of ‘ Felistani *). The market rates given below were those 
offered by Russian buyers. They bought delivered on the frontier near Ashka- 
bad at 42/- naZ« a pood nett (Rs. 6/9 for 361b.) for local cotton, at 62/-naZ«, 
(Rs. 9/11) for American and at 72/- rials (Rs. 11/4) for Felistani cottons 
(1 pood=36 lb. approximately, 1 riaZ= 1/6* 4 rupee). The packing charges 
were about 10/- rials (Re. 1/9) a bale. 

Indigenous cottons 

The indigenous cottons of Iran known locally as Mahali, Rasmi or Bumi, 
belong to Q. herbaceum var. typicum [Hutchinson and Ghose, 1937]. The 
various forms as found during the survey can be grouped as follows : — 

{a) Plants 1 ft.-5 ft. and vigorous, leaves green to deep green, bolls 
big and rounded with small beak, bolls opening slightly when 
ripe [c. /. Grade 4, Hutchinson and Ramiah, 1938], lint white, 
soft, fine and long, predominantly late. Only earlier plants 
ready for picking at the time of the visit. 

(6) Intermediate between (a) and (c) 

(c) Plants 1-2]^ ft., weak, leaves green to pale green, bolls small and 
not so rounded as in (a), with prominent beak and opening widely 
when ripe [c. f. Grade 2, Hutchinson and Ramiah, 1938]. Lint 
white, dull white, khaki or deep khaki, coarse aaJ short. Pre- 
dominantly early, almost all plants ready for picking at the 
time of the visit. Considerable variation was found in the colour 
of the leaves and therefore it should not be regarded of any 
taxonomic importance. 

Distribution of the above three types 
Locality Type 

rShosf . . . Intermediate type (6) predominant. 

Eastern region . Birjand to Gonabad All the three types almost equally dis- 
L tributed. 

Northern Sc western Turbat-i-Haidri to Open boiled type (c) predominant, 
region ^ . Morchikhat. 

Western region . Anoushirwan to Intermediate type (6) predominant. The 
Persepolis. cotton of these parts was soft to feel and 

it was just possible that it might have 
come from Gonabad via Tabbas and 
Posht*Badam. There was a good deal 
pf traipc on that line (Ft^. 1.) 
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The variation in all plant characters, particularly in hairiness, number, 
size, shape and opening of the boll, lint characters and ginning percentage 
was very great in areas ranging from Shosf to Tuss in the east, Ghademgala 
and Sudkhar to Dameghan in the North and Qom to Bagh-i-Shah in the noith- 
west. 

At Dameghan there were types which had all the characters of var. typicum 
but the bolls were } in. in size. Their lint characters varied a good deal from 
long and soft at Dameghan to either short and soft or short and coarse at 
Meshhad, Tuss and the remaining of the above places. 

Anotlier interesting feature was the occurrence of types intermediate 
between vars. typicum and frutescens. [Hutchinson and Ghose, 1937]. 
They were found in considerable numbers in Meshhad and Tuss, but stray 
plants could be found all over from Zabol (Siestan) in the east to Bagh-Shah 
in the north-west. 

Forms belonging to O. herbaceum var. typicum and with red pigment all 
over the plant body (stem, leaves, flowers, bolls) were also observed. There 
was considerable variation in the distribution of pigment over the leaves. 
Some times only the leaf lobes or a part of the leaf would be found red and 
the rest green. They are locally known as parsiah or black winged, on 
account of the deep purple colour which their bracteoles acquire when the 
boll is mature. Their lint is white and of average quality. They were found 
in varying proportions from Meshhad to Isfahan as shown below : — 

Mrshhad to Tehran ..... Stray plants 
Gushk Nasrat to Kashan . . . . 2 to 10 per cent 

Abbasabad to Isfahan .... 1 to 10 per cent 

Forms belonging to 6?. herbaceum var. typicum and having khaki lint were 
found. They also are known as Mahali cottons. The only other name given 
to them is 1 . 0 . { resembling red). They formed 10 to 20 per cent of 

the component of cotton crop in Birjand area and 2 to 5 per cent in Kashan 
and Morchikhat areas. Khaki cottons are late to mature as compared to 
white linted ones. Their lint which is either short and coarse or of average 
quality is used for making coarse hand-spun cloths or kimki curtains. The 
latter are very })opular amongst Iranees. It is said that formerly the khuki 
cottons were cultivated on a larger scale. The demand being now for long- 
stapled cottons, the cultivation of khaki cotton is decreasing every year. 

Examination of the material 

Single plant selec tions. — 859 plants (778 white and 81 khaki) were selected 
from different localities in Iran, based on earliness, boll size and length and 
softness of the lint. These were examined for staple length, swollen-hair 
diameter and ginning percentage. The procedure adopted w as as foDows : — 
Halo length of all 859 plants was measured by Bailey’s protractor. 

(maximum halo length on five seeds per plant). 

Plants which had halo lengths of 28 mm. and above were examined for 
swollen-hair diameter (fineness). Such plants numbered 499 
(493 white and 6 khaki). 
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Out of the plants examined foi fineness, the following were selected and 
ginned : — 

(o) Those which had 0'023 mm. and below swollen-hair diameter. 

(6) Those which had 33 mm. and above lint length irrespective of their 
swollen-hair diameter. Such plants numbered 240 (234 white 
and 6 khaki). 

Table i 


1 

Halo length in mm. 

1 

Swollen hair diameter fin 
units of 0-0038 mm.) 

1 Ginning peroentage 


Area 

■ 

no. of 1 
plants 
examined 

Range 
of halo 
length 

Mean 

a 

No. of 
plants 
examined 

1 

Range 
ofSlI. 
D. ex- 
amined 

Mean j 

1 o 

i 

1 ■ 

No. of 
plants 
examined 

Range 
of gin-i 

niiig j 
per- 1 
cent- 1 
age 

Mean 

a 

Eastern . 

White 515 

25-36 

80*3 1 

1*90 

White 418 i 

4-10 

7-4 

1 

'o-oe 

White 222 

19-59 

82*9 

5-61 


Khaki 55 

20-80 

23-8 

2*40 

Khaki 6 | 

7 

7-0 

I ”* 

Khaki 6 

84-89 1 

... 

... 

northern . 

White 161 

21-31 

25 0 

100 

White 24 

7-10 

8-5 

jo-66 

White 1 

40 

40-0 

... 

Western . 

White 112 
Khaki 26 

20-35 

15-25 

261 

20*7 

2*53 

2-58 

White 51 

7-8 

1 

7*6 

0-47 

1 

White 11 

82-48 

87-0 

3-14 


Bbmabks. — ^It will be seen from the table that eastern region has given the best material as far as the 
fineness of the lint is concerned. In halo-length though the variation is not as great as that in the western region, 
the mean value is the highest. The western region comes next In the aggregate qualities of the material. The 
Jehakt cottons from all lemons were much inferior to the whites. 

In addition to single plant selections, there were 29 bulk samples, nine 
of which were obtained through His Britannic Majesty’s Consuls at Tehran 
and Meshhad and the remaining 20 through the Agricultural Department, 
from Isfahan area. They were examined for lint length, feel and ginning per- 
centage. Data for samples received through His Britannic Majesty’s Consuls 
are summarized below : — 


Locality 

Boll 

characters 

HaJo-length 

mm. 

Feel 

Ginning 

percentage 

O, herhaceums 





1. Marvasti 

Partly open 

28-30 

Soft 

33-3 

2. Maibad 

>» 99 

25-29 

Soft 

36-3 

2. Herat 

99 99 

25-29 

Soft 

35-2 

4. Ardekan (mostly R 
plants) 

6. Balk locality 

Open 

25-27 

Coarse 

46-4 

Open 

22-26 

Coarse 

37-5 

6. Unknown Khaki . 

Open 

20-25 

i 

Coarse 

40-0 

7. Birjand (soft 
ootton) 

Closed and 
partly open 
bolls 

25-32 

Soft 

1 25-0 

8. Birjand (coarse 

Open 

24-29 

Coarse 

37-5 

ootton) 





9. Meshhad 

Partly open 

25-30 

Moderately 

soft 

40 0 




IV] INDIGENOUS AND feXOTiC COTtONS OF IttAK 629 

The samples obtained through the Agricultural Department, Isfahan, 
were all short and coarse and were therefore rejected. 

The selected material of herbaceum cottons has been distributed between 
Viramgam, Coimbatore and Trinidad. 

A comparison of the Iran Jierbdcevms with the standard Indian herbaceuma 
with regard to season, soil, yield quality etc. can be had from the tabular state- 
ment (Appendix II). 

Exotic cottons 

Egyptian cotton (G. barbadenae) is extensively cultivated along the coast 
of Persian Gulf. In the rest of Iran efforts are being made to replace indi- 
genous cottons by types of American cottons and at the time of visit American 
cottons formed an important component of cotton crop all over Iran. Western 
Iran was said to be practically all under types of American cottons, while on 
the route travelled Neishapur and Sabzawar in the north-east, Mazandaran, 
Tehran and Qom in north and Shiraz in the south were important centres of 
American cotton cultivation (Fig. 1.) Besides the cotton known in Iran as 
pure American, Felistani, Prerout, Iraqi and Novortski were cultivated. Felis- 
tani, is however, the most prized cotton in Iran, Though late, it is long stapled 
and soft. It is said to have been introduced about twelve years ago by a cer- 
tain Mr. Hakeemi who brought seed from Russia and grew it in Felistan (North 
Iran). According to Dr. Bums [1938] it is a cross between Egyptian and 
American cottons made by Mr. Hakeemi. Since it did very well there, the 
Agricultural Department encouraged its cultivation all over Iran. 

Typea of American cotton 

Feliatani cotton, as grown on the experimental farm at Karaj (Tehran) 
differed from a typical O. hirautum in the following characters : — 

Leaf deeply constricted at the base, leaf lobes narrowly triangular, brac- 
teoles not closely investing the bud, flower or boll, corolla moderately expand- 
ing, bolls tapering and pointed. 

In fields, however, there was a great variation in morphological charac- 
ters, and in Felistan plants were found in considerable numbers which confor- 
med in every detail to (?. hirautum, Felistani can be classified into two classes 
according to size of seed, and three according to colour as shown below : — 

1. Small-seeded . . . .a. black seed, no fuzz, tuft at the pointed 

end, lint short. 

fb. brown seed, fuzzy, lint long. 

2. Big-seeded . . . 

(^c. green seed, fuzzy lint long. 

Prerout is extensively cultivated in Mazandaran area. Plants are sym- 
podial, tall and vigorous up to 8 ft. in height. Morphological characters 
resemble those of 0, hirautum. The Agricultural Officer, Shahi (Mazandaran), 
said it was a cross between two varieties of O, hirautum. Prerout is an early 
and high yielding type with moderate lint chararters. 

Iraqi and Novortski are being tried at all the experimental stations in 
Iran, Iraqi is medium in time of maturity, sympodial in habit 1 ft. to 6 ft. 
high, and thick stemmed. It is a typical O, hirautum^ and in lint characters 
IS almost as good as FeUstani. Novortski is morphologically similar to Iraqi 
but is short stapled and soft. 
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The hirmttms on the whole showed much less variation in morphological 
characters than the herbaceuma, which may be accounted for by the fact that 
they have been introduced in the course of the last 12 years. 

Examinaiion of the material 

Single plant selections. — ^In making field collections it was not possible to 
identify the variety with any certainty and in the examination of the material, 
therefore, no account was taken of the name under which the cotton was being 
grown. 302 of the plants collected on the basis of earliness, boll size, length 
and feel of lint, were examind for lint length, fineness and ginning percent- 
age in the same way as described for O. herbaceum. 

Table II 



Halo length in mm. 

Swollen hair diameter 
(in units of 0*0033 mm.) 

Giiming percentage 

Area 

1 

1 

No. of Eango 
plants of halo- 
examined length 

1 

Mean 

a 

No. of 
plants 
examined 

1 

Kange 
of halo- 
length 

Mean 

lb 

No. of 
plants 
examined 

Range of 
ginning 
percent- 
age 

Mean 

a 

Eoeteru 

131 

[ 24-37 

29*6 

2*99 

93 

6-9 

7*3 

0*62 

41 

30-47 

36*0 

3-87 

Northern . 

100 

23-36 

29*5 

3*16 

70 

7-10 

7*8 

0-62 

19 

27-43 . 

33*0 

4*31 

Western 

71 

26-36 

29-7 

2*24 

61 

6-8 

7*2 

0*52 

60 

1 

15-48 

350 

5*22 


Ebmarks. — I t will be seen from the table that taking into consideration all the tiiree rluirack'rs, lint 
length, fineness and ginning percentage, the western region has given the best material and tlie eastern the second 
best. 

Bulk samples. — ^These samples where obtained from His Britannic 
Majesty’s Consul at Meshhad and their characters are summarized below : — 


Locality 

Boll size 

Lint length mm. 

Fool 

Ginning percentage 

Meshhad ((?. hirsuium) 

Moderate 

25-30 

Soft 

36 

Meslihad (Fellstani) . 

Large 

26-31 

Soft 

23 


The selected material of hirsutums has been distributed between Coimba- 
tore, Lyallpur and Trinidad. 

The lint of both the herbaceums and hirsutums collected in Iran were sent 
for fibre test to the Technological Laboratory, Matunga. The fibre particulars 
received from there are given below : — 


Q. hirnUum G, herbaceum 


1. Mean fibre length (inch) 

(а) By Bails sorter .... 1*04 0 *90 

(б) By Baer sorter 1*08 0-90 

2. Mean fibre wt. per inch 

(one millionth of an ounce) ... 0 - 136 (I ■ 120 

The hirsutums according to the report are 18 per cent longer but 13 
per cent coarser than the herbaceums. The former is rather coarse for its 
length and has a rough feel while the latter is finer than is usually the case 
with Indian herbaceums and has a slightly silky feel. 

SlIMMABY 

(1) The indigenous cottons, i.e. the herbaceums, exhibited great variabi- 
lity in ginning percentage, lint length and fineness. The introduced cottons, 
i.e. the hirsutums were variable in the first two characters only. Variation 
in morphological characters of the herbaceums was considerably greater than 
that of the hirsutums. 

(2) The best material of herbaceums was obtained from the eastern r^on 
good material was also found in western Iran, but that collected in the north 
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was inferior. Zabol (Siestan area) in the east was also reputed to produce 
good quality and highly variable material but, due to failure of the crop in 
1936 season, enough samples could not be collected to give any detailed infor- 
mation about it. 

(3) According to the report received from the Technological Laboratory, 
Matunga, on the material brought from Iran, the hirsutums were 18 per cent 
longer but 13 per cent coarser than the herbaceums. The former was rather 
coarser for its length and had a rough feel, while the latter was finer than was 
usually the case with Indian herbaceums and had a slightly silky feel. 

(4) The hirsutums in Iran suffered heavily from pests and diseases, while 
the herbaceums were found to be comparatively free. 

(5) The herbaceums that were come across were all highly sympodial as 
would be expected in a country with early frosts and severe winters. To hasten 
maturity, it is a general practice in Iran to pluck the leaves and top the plants 
at all stages from the bud to the boll-forming period. 

(6) The cotton samples collected have since been grown at Viramgam 
(Gujrat) and Coimbatore. A part of the material is also being tried by Mr. 
J. B. Hutchinson at Trinidad. 

(7) The analysis of the soil samples showed that excepting the region bet- 
ween Qom and Isfahan, which had heavy soils and was predominantly a 
herbaceum area, the light soils had predominance of the herbaceum type and the 
heavy soils that of the hirsutums, Zabol (Siestan) had light sandy loam and 
though at the time of visit was predominantly under hisruf ums it was essentially 
a herbaceum area and has been well known for the good qualities of the latter. 

(8) The total area under cottons in Iran in 1932-33 was about 1 *5 million 
acres and the produce about 2-9 miUion bales of 400 lb. each, thus giving an 
yield of about 700 lb. of kapas per acre. 
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Appendix I 


DetaMs of area under cultivation and yidd of cotton in Iran 


Name 

Acres 

Yield of kapas in 
bales of 400 fb. each 

Tehran 

25293 

45641 

Azarhyjan (east) 

15931 

32478 

Azarbj’jan (west.) 

2487 

5779 

Khorasan 

26962 

' 51668 

Kerman 

5063 

4795 

Siestan 

1235 

1632 

Faras 

820 

2583 

Khouzistan 

291 

5959 

Khamsch 

nil 

1959 

Qazvin 

2766 

6474 

Hamadai) 

420 

1273 

KirmanshaFi 

252 

[ 354 

Kurdistan 

♦ 

* 

Louristan 



Iraq 

840 

1861 

Colpayegan 

♦ 

* 

Malayer 

494 

490 

Isfalian 

11599 

18512 

Yezd 

6879 

20705 

Kashan 

6661 

14578 

Qom 

1265 

2922 

S<*ninaii 

8497 

11101 

Shahroud 

210 

637 

Dasht-i-Gorgan 

743 

1485 

G organ 

i 7632 ! 

10105 

Mazandaran 

22477 1 

44730 

Guilan | 

\ 


Ports of Persian Gulf 

i 25 

653 

Total 

149956 

288374 


* The statistics for Kurdistan, Louristan, Golpaycgan and Guilan wore not available. 



Appendix II 

CompaHson of the Iran herbaceums with slandered Indian herbaoeums 
Datta for Indian cottons are from J. C. C. C. Tech. Bull. No. 45, 1938 

Iranian herbaeoums 
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MEGASPOROG'ENESIS AND THE ORIGIN OF TRIPLOIDS 

IN 8ACGEARUM* 

BY 

S. NARAYANASWAMI, M.Sc. 

Research Student, Imperial Sugarcane Breeding Station, Coimbatore 
(Roceived for publication on 21 June 1939) 

(With Plates VII -XVI) 

I. Introduction 

T RIPLOIDY was first discovered in Oenothera [Gates, 1908] and sine© 
then has been reported in many genera of plants [Darlington, 1937]. 
Triploids include two groups, the auto-triploids that have three identical 
genoms, the chromosome complement of which can be represented as of the 
constitution AAA, BBB and so on, and the allotriploids that have sets of 
chromosomes that are not identical and which could be represented as that 
of the constitution AAB or ABC. 

Triploids in general may originate in three different ways : (1) through 
an abnormality in somatic mitosis in the haploid generation such as splitting 
of chromosomes or reunion of daughter nuclei, (2) through failure of reduc- 
tion at meiosis and consequent fusion of unreduced {2n) and reduced {n) 
gametes and (3) by hybridization between diploids and tetraploids. 

One of the features associated with the cytology of reproduction in 
Saccharum is the phenomenon of doubling in the chromosomes of the pistillate 
parent of interspecific crosses first reported by Bremer [1923] in natural 
hybrids between S, officinarum var. Black Cheribon (n^40) and S. spontaneum 
Glagah (n = 56). The same feature was observed in crosses between S. offi- 
cinarum var. vellai, and other varieties of S. spontaneum [Dutt and Rao, 
1933 ; Janaki Animal, 1938, 2], and in several intergeneric crosses eflected 
at Coimbatore. 

Bremer considers this doubling of the chromosomes in S. officinarum 
parent, a phenomenon characteristic of interspecific hybridization in Saccharum 
the doubling having occurred in the egg cell during fertilization. Triploids 
have, however, been found to occur among selfed progenies and intraspecific 
hybrids of S, spontaneum [Janaki Ammal, 1936]. This fact and the presence 
of abnormal binucleate poUen grains occasionally seen in S, officinarum lead 
one to think that the method of doubling may not be quite as simple as Bremer 
imagined. The present investigation was, therefore, taken up to discover 
the exact method of chromosome doubling associated with the cytology of 
reproduction in Saccharum, 

II. Material and methods 

The two species of Saccharum selected for investigation were : — 

(!) S. spontaneum from Dehra Dun (2?i=66) ; 

(2) S, officinarum var. vellai of Coimbatore (271=80). 

*A thesis approved for the Degree of Master of Science by the University of Madras. 
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Of these, 8. sponUineum was a variety raised from seeds sent by Mr Holes 
from Dehra Dun in the year 1912 and since propagated by cuttings or ‘ setts ’ 
at the Imperial Sugarcane Breeding Station, Coimbatore. 8, officinarum 
var. vellai is a thick cane grown in Coimbatore district. This cane is male- 
sterile and has been used extensively at the Coimbatore Sugarcane Breeding 
Station for hybridization with 8, spontaneum, Sorghum and other genera of 
grasses and it has been the pistillate parent of the first cross made between 
8. officinarum and 8 , spontaneum. 

Fixations were done during the months of August-October in the year 
1937. Root-tips were fixed at 11 a.m. in Navashin’s fixative [McClung, 
1937] and in Medium Flemming ; and the young spikelets fixed between 
8 and 11 a.m. in Navashin’s and Bourn’s fiuid (as modified by Allen) after 
prefixation in Carnoy’s for a minute. Fixations were made at all stages 
ranging from divisions in poUen-mother-cells to fuUy formed pollen grains. 
Preliminary examination of anthers in acetocarminc [Belling, 1926] was 
resorted to for selecting right stages. For the study of embryo formation 
in 8, officinarum^ flowers of vellai were artificially pollinated by the Coimbatore 
form of 8 . spontaneum (2n=64) under bag. Spikelets of flowers thus polli- 
nated were fixed in acetic alcohol at intervals of two hours during the first 
day and at intervals ranging from three to four hours, for a week after polli- 
nation. The materials were left in the fixing fluid for 24 hours. Root-tips 
and flower buds were then washed in several changes of tepid water for three 
to four hours and mature ovules (fixed in acetic alcohol) in 70 per cent alcohol. 
Callus hairs and glumes were clipped oS the spikelets so as to facilitate sec- 
tioning. Dehydration and embedding were done according to La Cour’s 
[1937] schedule. 

Sections of root-tips were cut lOjx, flower buds 13{i to 15[ji and mature 
ovules 25ji to 30p thick. Sections of root-tips fixed in Medium Flemming 
were bleached in a mixture of three parts 70 per cent alcohol and one part 
20 volumes hydrogen peroxide. Sections were stained in Haidenhain’s 
iron-alum-haematoxylin with picric acid as destainer and also in Newton’s 
Gentian Violet-iodine. 

All drawings were made with a Spencer Abbe Camera Lucida at stage 
level. An apochromatic objective 100 (N. A. 1. 3) was used with different 
eye-pieces to give approximate magnifications indicated below the figures. 

III. Somatic chromosomes 

Fifty -six chromosomes could be counted at the somatic metaphase of 
8. spontaneum Dehra Dun (PlateVH, fig. 1), thus confirming the count made by 
Janaki Ammal [1936] for this variety of 8. spontaneum. In root-tip sections of 
8. officinarum var. vellai, the chromosome counts showed the somatic number 
to be 80, characteristic of 8 . offix^inarum [Bremer, 1923] (Plate VII, fig. 2). The 
two species studied showed gradations of size in the chromosome comple- 
ment. Measurements taken from good metaphase plates showed that the 
average length of the longest chromosomes in 8. spontaneum was about 2*8(x 
while that in 8. officinarum 3* 6*;.. The long chromosomes of 8. spontaneum 
corresponded in length to that of the medium ones in 8. officinarum. The 
pjiprt c^iromosopies jn the two species showed an average length of 1*6^ and 
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were almost identical. The chromosomes of 8. spontaneum USl approzimatdty 
into three different types, long, medium and short, according to their length, 
and could be represented as 8L4-32M+16S, while in 8. officinarum, four 
types could be distinguished. These can approximately be classified into 
10L4- 20M+ 30m+ 20S. 

Both primary and secondary constrictions were found in the long <diro- 
mosomes. Trabants have not been observed in the chromosomes of the two 
species of 8accharum investigated. 

IV. Observations on divisions in megasporb-motheb-oells of 

8 . SPONTANEVM AND 8 . OFFICINARUM 

The archesporial cell in 8. spontaneum is differentiated early firom a group 
of cells at the apex of the floral axis. It is found to be sub-epidermal in 
origin and covers nearly a third of the nucellar tissue (Plate VII, fig. 3). It 
is characterized by having larger nucleus and richer cytoplasm in the resting 
condition, than those in the surrounding cells. This cell functions as the 
megaspore-mother-ceU without any farther divisions as observed in other 
grasses like Triticum [Percival, 1921], Poo [Anderson, 1927], Oryza [Teradu, 
1928], Zea [Randolph, 1936] and Euehlaena [Cooper, 1937]. The nuoeUar 
epidermis immediately above the archesporial cell becomes two-cell thick. 

As prophase advances in the nuclei of megaspore-mother-oells, the 
leptotene tl^ads were found to contract, their imeven granular structure 
becoming increasingly evident. Polarization of the threads were observed in 
fixed materials examined at this stage, their free ends being directed to one 
side of the nucleus towards the micropylar end (Plate VII, fig. 4). The associa- 
tion of chromosomes seen at prophase stage was found to be parasynaptio 
as also observed in pollen-mother-cells of the plant [Janaki Ammal, 1936], 
a feature that has now been recognized as universal in meiosis [Darlington, 
1931]. It is surprising that Santos [1937] finds the telos 3 maptio type of 
chromosome association and the presence of a continuous spireme in the 
pollen-mother-cells of the Philippine variety of 8. apontanewm he examined ! 
Terminalization of chiasmata was luiniTniiTu in the long chromosomes and 
the ohiasma behaviour in megaspore-mother-oells was foimd to approximate 
very closely that in pollen-mother-cells of the plant [Janaki Ammal, 1936]. 

Twenty-eight bivalents could be coimted at late diplotene and diakinesis 
(Plate VII, figs. 6 and 6) each pair being held together by chiasmata. The 
three types of lengths noticed in somatic chromosomes could be fairly dis- 
tinguish^ at meiosis. 

In megaspore-mother-oells of 8. officinarum, 40 bivalents could be counted 
at diakineses (Plate VII, fig. 7) though occasionally thirty-nine bivalents with 
<me or two univalents were also seen. The bivalents were found paired by 
chiasmata which varied from one to two in cells examined at diplotene and 
diakinetio stages. Both terminal and interstitial chiasmata were observed 
in megaspore-mother-oells. These observations were found to be «innila.r to 
those on pollen-mother-cells of the same species (Plate VII, fig. 8). A normal 
bipolar spindle (Plate VII, fig. 9) was observed in both the species. Secondary 
association of the chromosomes wob well marked at the metaphase stage of 
division, During ana|>ha8e stage in megaspore-mother-oolls o£ 8, offieinanm, 




PLATE VII 


1 & 2: Mitotic metaphases in root-tip cells of S, sponianeum (2n=:56) and 8, officimriun (2n=:80) 
(magnified) ; 3 : Subepidermal archesporial cell in nucellar tissue ( X 500) ; 4 : Polarisation at leptotcne stage 
( X 1600) ; 5 : Diakinesis showing 28 bivalents { X 1875) ; 6 : Configuration of bivalents from one megas- 
pore-motiier-oell at diakineBis (x 1875) ; 7: Diakinesis in m.m.c. of Saccharum qfficimrum showing 
40 bivalents (X 1875) ; 8: Diakinesis in p.m.c. of veUai (X 1875) ; 9 : First' Division Metaphase — side 
view (X 1600); 10: First Division Anaphase in m.m,c. of veUai, showing the univalents separating 
to the poles (X 1500); 11: Late telophase of first division in m.m.c. of S. spontanemi (X 1500); 
12: cells after the first division of raegaspore mother-cell (x 1500) 
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the forty chromosomes were seen separating to the poles and a tendency for 
one or two univalents to lag was perceptible in certain cells (P ate VTI, fig. 10). 

The anaphase and telophase stages were normal in both the species of 
Saccharum^ and two dyad cells each with the reduced number of chromosomes 
were formed (Plate VII, figs. 11 and 12). Wall formation was, however, found 
to be somewhat delayed at the first division in S. officinarum. 

The second division spindles formed in the two dyad cells in both the 
species were found to be in the same plane as the first division spindles. 
The 28 chromosomes were counted at second metaphase in S. spontaneum 
(Plate VIII, fig. 13) and a linear quartet of megaspores was observed at the end 
of second telophase (Plate VIII, fig. 14) As in other members of the Graminae 
the innermost of the tetrad was found to be functional, the rest degenerat- 
ing (Plate VIII, fig. 15). Anderson [1927] finds that the topmost one may 
develop in poa. Occasionally, however, I find the outer of the two inner 
megaspores (sub-chalazal) to develop in Saccharum (Plate VIII, fig, 16). 

When a large number of spikelets of both the species were examined 
at this stage, it was found that occasionally two inner or chalazal megaspore 
nuclei were enclosed in a common cell. Such binucleate megaspores (Plate 
VIII, fig. 17) are formed presumably through failure of cell wall formation at 
the close of the second telophase. They could be distinguished from two- 
nucleate embryo-sacs by their smaller size, and the presence of the degene- 
rated megaspores at the top. The binucleate condition of the megaspore is 
also supported by the presence of fusion nuclei (Plate VIII, fig. 18) in prepara- 
tions of later stages. Such ‘ fusion nuclei * each with two nucleoli of equal 
sizes enclosed in a common nuclear membrane (Plate VIII, figs. 19, 20 and 21) 
were found in both the species of Saccharum examined. The phenomenon 
of reunion of two megaspore nuclei at the chalazal end, was found to be more 
common in the variety Vellai of S. officinarum, than in S. tSpontaneum, 

Irregularities in megaspore -mother-cells responsible for a number of 
deviations from the normal were also observed during the course of second 
division in both the species. Plate IX, fig. 22 shows a stage where the chro- 
mosomes of the upper dyad were found to be at motaphase, while those in 
the lower one had reached the poles. The bipolar spindle formed at second 
metaphase in the micropylar dyad was found to be almost at right angles to 
the longitudinal axis of the cell as in Zea [Cooper, 1937]. This could give 
rise to a T-shaped spore-tetrad in S, spontaneum as in Triiicum [Watkins, 
1925]. The upper of the two dyad cells was found to degenerate before 
second division (Plate IX, fig. 23) or to divide and give rise to two megaspores, 
both however degenerating later (Plate IX, fig. 24), or it started division, 
but degeneration set in before the completion of the process (Plate X, fig. 
25). In such cases the inner dyad proceeded with the devlopment of embryo- 
sac with the haploid number of chromosomes (Scilla type [Schnarf, 1936] 
and Allium type [Maheshwari, 1937]). At the time when two megaspores 
have been formed by the division of the chalazal dyad, the nucleus of the 
upper one was either in a resting condition (Plate IX, fig. 26) or at the meta- 
phase stage (Plate IX, fig. 27). In both the species of Saccharum, the cells 
on either side immediately surrounding the products of meiotic divisions 
TV'ejre soinewhat elongated suggesting a tracheidal function. 
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V. Development op embbyo-sao 

Observations on meiosis in megaspore-mother-cells have shown that the 
embroyo-sao development in both the species of Saccharum may originate in 
one of three ways : — 

1. From one of the tetrad megaspores (normal type). 

2. From fusion of two of the spore-tetrad. 

3. From a single dyad cell (Scilla t 3 rpe [Schnarf, 1936] and Allium 

type (Maheshwari, 1937]). 

Of these the more common form was the development from haploid megaspores 
and dyad cells. The stages of development of haploid and diploid megaspores 
followed the normal course. 

The first sign of embryo-sac formation from a megaspore was the enlarge- 
ment of the megaspore often accompanied by vacuolization of the C 3 dnpla 8 m, 
the nucleus being pushed to the upper end (Plate IX, fiig. 28). The 28 chro- 
mosomes could be counted at metaphase (Plate IX, fig. 29) in a large number 
of sections exa m ined and the 2n number 66 in those arising from diploid 
megaspores (Plate IX, figs. 30 and 31). Secondary association was marked 
at this stage also. 

The micropylar and chalazal poles of a developing embryo-sac were 
established by vacuolization at the centre. Considerable growth of the cell 
was noticed after this stage and could be easily differentiated from the bi- 
nucleate megaspores. The eight-nucleate stage in the embryo-sac was derived 
by three normal mitotic divisions as in Plates IX and X, figs. 32-35, the 
egg-ceU with its two synergids and a polar nucleus being differentiated at the 
micropylar end and the tlu^ ant'podals at the chalazal end. The two polar 
nuclei were found to occupy a position just below the egg cell. 

Development from haploid megaspobe 

The development from the haploid dyad cell as in SeiUa nonscripta 
[Hoare, 1933] was found to be similar to that from the megaspore. The 
degeneration after the first division and before the second division of the 
micropylar dyad cell was observed and was found to persist as a darkly 
stained mass over the embryo-sac. In this type of development (Plate X, 
figs. 36, 37 and 38) the second division of meiosis represents the first mitotic 
division of embiyo-sac formation, and the two processes merge into one another 
indistinguishably [Ghiarugi, 1926 ; Schnarf, 1936 and Maheshwari, 1937]. 
The same type of development with a reduction in the antipodal cells at the 
chalazal end of embryo-sacs has been observed in Alismaceae [Dahlgren, 
1928 ; John, 1935, 2, 3, 1936] and in species of AUium [Messeri, 1931 ; Jones 
and EmsweUer, 1936]. 

In the fully-developed female gametophyte, the S3aiergid8 showed longi- 
tudinal striations in the narrower end (Plate X, fig. 39). The synergids 
possessed also a hook or a beak. An antipodal tissue was derived by further 
^visions of the primary antipodal cells, as observed in several members of 
the Graminae lie Tritieum [Watkins, 1926 ; Wakakuwa, 1934-36], poa 
[Anderson, 1937], Avma [Kihara and Nishiyama, 1932], Oryza (Mormaga and 
Fukushima, 1934 and 1936], barley [Pope, 1937], Zea [Randolph, 1936 ; 
Cooper, 1937] and S^rtina [Curtis, 1937]. In 8. gpontaneum this antipodal 
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tissue was composed of 15 to 20 cells (Plate X, fig. 40). Such an aggressive 
type of tissue seems to be a primitive feature since reduction in gametophytic 
tissue is characteristic of the advanced members of angiospermous families. 

The development of the female gametophyte in S. officinarnm from 
mogaspores and dyad cells was similar to that in 8. sponianeum. The forma- 
tion of a filiform apparatus associated with the synergids was not, however, 
characteristic of this species and the three antipodal cells were crescent- 
shaped in appearance. Each antipodal cell had a single nucleus, unlike that in 
Zea [Cooper, 1037], where two or more nuclei were observed, or in triploid 
Oryza [Morinaga and Fukushima, 1937] where as many as 17 nuclei in each 
antipodal cell have been reported. 

VI. Abnormalities associated with embryo-sac eormation in 

Sacchaiwm 

The following abnormalities w^ere observed during the course of the 
investigation : — 

if. F vision of the daughter nuclei. — The two daughter nuclei formed after 
the first mitotic division in the developing dyad cell instead of separating to 
the poles, were found to fuse together. Plate X, fig. 41 represents such a 
fusion nucleus with the micropylar dyad in a degenerate condition. The 
cell in \N hii^h a fusion was observed was three to four times as long and broad 
as the hinucleate me^asporcs and was found to beluive as a young embryo- 
sac. Th(‘ embryo-sacs developed from sucli nuclei should all have a diploid 
cliromosomal constitution. Tims a condition for the formation of 2n gametes 
was iound in s|)orogenesis as well as during cmbryo-sac! formation. 

2. liervmd of fionnal emhryo-sac. — Reversal of the normal embryo-sac, 
viz. the (‘gg apparatus occupying the chalazal end and the antipodals the 
opposite end, was occasionally seen in 8. officinnruui var. rvUai (Plate X, 
fig. ‘1 2). Such a featuj*e has been reported in embryo-sacs of a cross between 
vel/aixC A C 87 by Dutt and Rao [1933]. 

o. Secondary egg cells in embryo-sac. — Several abnormalities associated 
with the antipodal cells ivere observed. Occasionally one of the antipodal 
cells at the chalazal end of embryo-sacs of 8. officinarnm simulated an egg 
cell, the other tw'o a}»parently forming the synergids (Plate X, fig. 43). The 
normal egg apparatus w^as also present at the micropylar end. Such dupli- 
cated egg cells in an embryo-sac w^ould probably give rise to double embrj^os. 
Similar egg-like antijiodal cells have been reported in Allium nigrum [Modi- 
lewski, 1931] and Allium subhirsntum [Messeri 1931]. The presence, at the 
micropylar end in embryo-sacs of 8. officinarum, of an additional egg-cell 
with two polar nuclei, but wdth no trace of antipodals at the chalazal end, 
shows that they arc transformed antipodal cells (Plate XI, fig. 44). Plate XI, 
fig. 45, show'S a similar feature in 8. spontameurn but as the three antipodals 
are also observed, twin egg cells in this case are probably derived by extra 
divisions of the nuclei, after the third mitosis of embryo-sac formation. 

4. Binveleated antipodal egg. — An antipodal egg-cell in w hich two nuclei, 
probably derived by fusion of two antipodal cells, were found closely adhering 
to each other for fusion. In such cells one of the antipodals was found to 
simulate a synergid. The normal egg-apparatus at the micropylar end was 
then found to be in a degenerate condition (Plate XI, fig. 46). 
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f5. Abnormal divisions of antipodal cells, — ^Unlike S. spontaneum, the 
three antipodals in S. officinarum I’arely divide to form a tissue. However, 
the propensity for activity was evident in several ways. The three primary 
antipodal nuclei fused together and presented a swollen appearance (Plate XT, 
fig. 47) or the nucleus in each antipodal cell gave rise to several free nuclei 
without oell'Wall formation (Plate XI, fig. 48). Plate XI, fig. ryO shows that 
two of the antipodal cells are enlarged, the third one by further divisions is 
seen to simulate an embryo. Later stages of tliese have, however, not been 
observed. 

6, Secondary embryo-8a,cs . — Two embryo-sacs are sometimes observed 
embedded in the same nucellar tissue (Plate XI, fig. 50), as re])ortod in 
[Anderson, 1927J. TJiese probably arise from two functional megaspores. 
Seeds derived from such ovules would show twin seedlings on germination. 

7, Parthenogenetic development of egg cell, — In sections of an unpollinated 
ovule of S, officinarum an embryo was found to have developed at the micro- 
pylar end (Plate XI, fig. 51). The two polar nuclei were still unfused and 
showed signs of disintegration. 

8, Nucellar embryony,— Plate XI, fig. 52 shows a four to six-celled embryo 
formed by one of the cells of the nucellar tissue, in an ovule just at the time 
of pollination. It is higlily probable that this embryo is formed apogarn- 
ously. 

Plate Xll shows a schematic re})rosentation of stages in divisions of 
megaspore-motlior-cells and features in embryo-sac formation. 

VII. Fertilization and embryogbny in S. officinarum ‘polunated by 

S. SPONT ANNUM (2^ = 64) 

In ovules of S. officitunam, fixed just before pollination, the Tiormal egg- 
cell was found to lx*. [)oar-shaped, with the narrower end towards the micro- 
pyle (Plate XI 11, fig. 53). The two polar nuclei were found in close proximity 
to the egg cell and wore surrounded by rich cytoj)lasjn. In one instance, 
the egg cell and synorgids w^cre found to be connected together by a peg-like 
growth from the latter wdiich showed signs of degeneration. This pheno- 
menon seems to indicate ttiat the synergids function as suppliers of nutrients 
to the developing egg cell. The three antipodals were either prominent or 
showed signs of degeneration. 

In materials fixed two hours after pollination with S. spontaneum, no 
apparent changes were observed in the embryo-sac. The volume of the egg 
cell, however, was found to have considerably increased in ovules fixed four 
hours after pollination. Starch grains and oil globules had formed around 
the egg nucleus. Six hours after dusting with pollen, pollen tubes were found 
growing between the integument and the pericarp (Plate Xill, fig. 54). Plate 
XIII, fig- 55 represents the section of an ovule at the same stage, in which the 
swollen tip of the pollen tube could be seen to have penetrated the embryo- 
sac with its two generative nuclei. 

In a few of the sections examined, the cytoplasm in egg cell was found to 
be very granular forming a dense ring of chromatic substances round the egg- 
nucleus (Plate XIII, fig. 55). Similar chromatic bodies have been observed 
in Triticym by Watkins [1925] and Eleusine by Krishnaswami and Ayyangar 
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[1937]. According to Watkins this ring may be the product of a synergid 
attacked by the entry of the pollen tube, or coagulation products of the 
cytoplasmic strands round the egg nucleus. Since degeneration of the 
synergids before fertilization is a feature commonly observed in this variety 
of 8. officinarum, the latter explanation seems to be more likely. Plate XIII, 
fig. 66 shows the egg cell in the metaphase stage of division in an ovule in 
which the pollen tube has not penetrated the uiicropylar end. The two 
polar nuclei lay close to the egg cell. 

Fertilization was found to take place about eight hours after pollination. 
Plate XIV, fig. 68 shows this condition of the ovule in which one of the male 
nuclei is found to fertilize the egg and the other one, the polar nuclei. As in 
other grasses, ferilization of the egg and polars was found to be simultaneous. 
Plate XrV, fig. 69 shows a united reticulated condition of the chromatic 
matter in the zygote. The zygote next undergoes a period of rest in which 
condition it had two nucleoli, one of which was smaller than the other (Plate 
XIII, fig. 67). These probably belong to the genom of the two parent 
SaccJuirum species. 

The fusion of the two polar nuclei is found to precede their fertilization 
by the second male gamete as in Triticum [Watkins, 1925]. In Zea, however, 
it has been found that the male nucleus and one polar nucleus complete their 
fusion before they unite [Rhoades — quoted by Sliaip. 1934], The ])rimary 
endo8X)erm nucleus divides immediately after fertilization and at the first 
mitotic metaphase the chromosomes were found to approximate in number 
to 112 of which the haploid set of thirty -two is derived from the male parent. 

The plane of the first division of the endosperm nucleus was in most 
cases almost parallel to the longitudinal axis of the embryo-sac. In sections 
of ovules examined 22 hours after pollination, a layer of free nuclear endosperm 
with four to eight nuclei was found to have surrounded tlie zygote. Later 
those were found to divide and a feature of the endosperm nuclei was that 
they showed in several cases identical mitotic stages ( Plate XTV, fig. 65). 
Chromosome counts in good metaphase plates showed the triploid (3n) and 
the pentaploid (6 tc) nature of the endosperm nuclei in different embryo-sacs. 
Plate XIV, fig. 66 shows the metaphase plate of an endosperm nucleus in 
which more than 146 chromosomes could be counted. This probably re- 
presents a 6n endorsperm. 

The first division of the zygote was found to occur in ovules fixed 32 hours 
after pollination (Plate XIV, fig. 60). In Zea, Randolph finds this to take 
place 30 hours after pollination, while in Hordeum, Pope [1937] finds the same 
condition 14 to 16 hours after. In Avena crosses, Kihara and Nishiyama 
[1032-33] report two to four celled stages of embryo, 24 hours after polhnation. 
The division of the zygote nucleus in Saccharum was always transverse to 
the longitudinal axis of the embryo-sac resulting in a two-celled embryo 
(Plate XIV, fig. 61). 

The epibasal cell formed a suspensor of four to five cells (Plate XIV, 
fig. 69), and the basal cell was divided into two by a longitudinal or oblique 
cell plate (Plate XIV, figs. 62 to 64). By further ceU divisions the pro-embryo 
assumed a globular shape (Plate XIV, fig. 67), a cross-section of which is shown 
in Plate XI7, fig. 68 from sections out at this stage. The developing embryo 
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was found to be surroxinded on all sides by free nuclear endorsperm which 
became cellular in later stages of development. 

The r^ of the development of the embryo in Saccharum was also found 
to be similar to that in other grasses. Observations on sections of ovules 
showed a marked difference in size between the embryos at the four-celled 
stages. A regularity in the sequence of divisions in the pro-embryo was 
also noted especially in the smaU-sized ones. The axis of development of 
the young embryo was found to be indicated by a central patch of cells that 
show bigger nuclei with richer cytoplasm than those in the surrounding cells 
(Plate XIV, fig. 70). Disorganisation of the antipodal cells was found to 
take place simulatenously with the formation of endosperm [Artschwager 
et al., 1929]. The antipodal tissue in Zea and Coix occasionally retains its 
activity even up to the time the seed is mature [Weatherwax, 1930 ; Bandoplh, 
1936] while in Poa, the antipodals persist till late in the endosperm formation 
and then degenerate. 


Vin. Discussion 

(«) Production of iriploids and the condition of polyploids in Saccharum 

The most widely prevalent method of triploid formation in flowering 
jdants has been traced to the union of gametes that have a diploid and haploid 
chrornosomal constitution. Direct cytological evidence for the origin of a 
triploid through an unreduced female gamete being effective in fertilization, 
has, as S'ansome and Philp [1932] have observed, been rather meagre in most 
(•as(!H. More often the evidences for such are based on genetical studies 
Tiiploid progenies through fusion of n and 2n gametes (arising presumably 
thiougli irregularities in meiosis) have been reported in a large number of 
plants as in Crepis [Navashin, 1929], Nicotiana [Brieger, 1928], Rosa [Erlanson, 
192!), 1933 and 1934], Oaleopsis [Miintzing, 1930], Musa [Cheesman, 1931], 
Gossy 2 >iutn^ [Skovsted, 1934], Veronica [Graze, 1935], Delphinium [Lawrence, 
1936], ]'itis [Olmo, 1937], Lolium [Jenkins and Thomas, 1938], etc. Back- 
crossing the Fj progenies with one of the parents has resulted in the produc- 
tion of tiiploid plants in Raphano-Brasaica [Karpechenko, 1927] and Nicotiana 
[Lammerts, 1929]. AUo-triploids have also been obtained in intergenerio 
crosses between Zea, Tripsacum and Euchlaena [Manglesdorf and Reeves, 
1935]. A triploid radish x turnip hybrid has risen through functioning of 
diploid l adish egg cell [MorriB and Riccharia, 1937]. 

Tn most of the plants in which triploidy has been observed, the plants 
are either diploids or lower polyploids. 8. officinarum, with 2n=80 chro- 
mosonies, represents an octoploid with a basie number ten, while 8. apon- 
tanenm (2ft =56) has been considered to be a dibasic octoploid [Janaki Ammal, 
1939], My observations show that triploids are produced in Saccharum 
through a diploid egg cell being effective in fertilization. Such triploids 
differ fi’oin the normal ones in that their haploid number of chromosomes 
already represent a high ployploid condition. They are, therefore, * triplo- 
polyploids ’ [Janaki Amm.'l, 19^9] and similar to the mutant triploids occur- 
ring in secondary polyploids like Pyros [Darlington and Moffett, 1930 ; Hail- 
born, 1935]. 
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Cytological studies by Bremer in the hybrid ‘ Kassoer obtained from 
crosses between 8. offioinuirum var. Black Cheribon (2ra==80) and the wild 
Glagah (8. apomUtnmm) at Java (2n=66), revealed that 68 bivalents are 
formed at diakinesis and metaphaae stages of first division in pollen-mother- 
oells. The plant showed 136 chromosomes in somatic cells instead of the 
expected number 96. This duplication of the monoploid set of chromosomes 
occurred in 8. officina^im, the pistillate parent. Jn none of his preparations 
of 8. officinarum at .•eduction divisions in mogaspore-mother-cells, was he 
able to find a single instance of non-reduction. This led Bremer [1923, 1929] 
to conclude that the phenomenon of doubling of chromosomes in the female, 
is characteristic of species hybridization in SacrJtariim, doubling taking pla<‘.c 
‘ by a longitudinal splitting of chromosomes in egg cell, the chromosomes of 
8. spontanmm remaining unsplit ’. The production of autotriploids among 
selfed seedlings and triploid hybrids among inleraspecifio crosses between 
different chromosomal types of 8. spontamum [Janaki Ammal, 1938, 2J 
show that causes other than species hybridization are responsible for the 
origin of triploids in this genera of grasses. 

(6) Formation of 2n gametes in Sactcharum 

Various irregularities during meiosis or in preineiotic divisions in arches- 
porial cells have been found to lead to non-reduction and development of 
unreduced gametes. Thus retardation or suppression of first division has 
been observed in Papaver [Ljungdah, 1922] and Taraxacum [Gustaffson, 
1935], and nullification of first or second division has been found in plants 
like Prunus [Darlington, 1930], and Hieracium [Rosenberg, 1927]. Double 
division of univalents, associated with complete failure of pairing at meta- 
phase found in moth hybrids [Federley, 1931], have not been commonly 
observed in flowering plants, though found to occur sporadically in Rihea 
[Meurman, 1928]. Ramanujam [1937], however, reports such a feature l.o 
(jccur in pollen -mother-cells of hybrids of Orgzn. Syndiploidy as found in 
anthers of Ochna [Chiarugi, 1930], Lactura [Gates and Ree.s, 1921], Triticum 
(Gaines and Aase, 1926], Zea [MoClintock, 1929], Arena [Kishiyama, 193J ; 
Ellison, 1937] and Chrysanthemum [Shimotomai, 1931] have not been observed 
in archesporial cells in ovules. 

Though similar abnormalities were expected in megasporc-mother-cells 
of 8accharum, my observations have shown that normal reduction division 
occurs in both the species giving rise to a spore-tetrad or a triad row of three 
cells, viz. an undivided dyad and two megaspores. A reunion of two mega- 
spores that have each a haploid set of chromosomes leads to the formation 
and development of diploid megaspores in both the species of Saccharum. 
That the two nuclei fuse together is evident b}' the presence of ‘ fusion nuclei ’ 
found to be formed in a common cell at the pollen grain stage in anthers, A 
similar reunion of daughter nuclei was also observed after the first mitosis 
of embryo-sac formation from a haploid dyad cell, a feature interi>olated in 
the course of a Scilla type of development. Such ‘ fusion nuclei ’ are found 
to give rise to diploid embryo-sacs, as the duplicated number of chromosomes 
could be counted at the first somatic metaphase of embryo-sac formation. 
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The oocyrrence of triploid (3n) and pentaploid (Sn) endosperm diow that 
normal and <^ploid female gametophytes are effective in fertilization in both 
the species of Saccharum. It follows, therefore, that triploid embryos are 
produced by fertilization of the diploid eggs, and have resulted in the produc- 
tion of autotriploids in S. spontaneum and hybrid triploids in S. officinarum 
pollinated with S. apontanewm. It is highly probable that the larger embryos 
represent such triploid ones. 

Reunion of daughter nuclei in the haploid generation has also been 
observed in Saccharum, at the chalazal end in embryo-sacs, giving rise to 
diploid cells simulating eggs. Such diploid egg cells on fertilization coiild 
also give rise to triploid embryos. They might also develop parthenogene- 
tically. 

Division of the mature egg at the time of fertilization was observed only 
in a single instance. This probably represents a doubling of chromosomes 
presumed by Bremer [1923]. According to him such a splitting of chromo- 
somes is a result of the stimulus of fertilization Midusima and Saito [1937] 
give the same explanation for the origin of triploid Braaaica-Baphanua hybrids. 
Newton [1927] observed a doubling of chromosomes at the chalazal end in 
the second division of meiosis, in embryo-sacs of the Leiostemones section 
of Tulipaa. On two occasions, in T. Kolpalcowahiana, he also observed its 
occurrence at the micropylar end. Such a doubling was remarkable in eveiy 
fertilized ovule in the capsule and the frequent production of autotriploids 
among Tulijms have been explained in this manner [Darlington, 1937]. 

However, my observations on the species of SaccJiarum officinarum and 
8. aponianmm show that doubling of chromosomes takes place more often 
during gametogenesis than fertilization. This feature does not conform to 
any of the hitherto described types of meiotic irregularities leading to non- 
reduction, unless we consider this fusion of an already divided dyad as equi- 
valent to ‘ the nullification of second division ’. My observations also show 
that the same causes that produced autotriplody in 8. spontaneum are found 
to be responsible for the origin of interspecific triploids between 8. officinarum 
and 8. apontaneum. 


(c) Time rdationahipa in meioaia 

Non-simultaneous divisions in dyad cells of pollen-mother cells have 
been reported in a number of grasses like Ekuaine, Oryza, etc. Observations 
on divisions in megaspore-mother-cells in Saccharum show that nuclear and 
cell divisions in the inner or chalazal dyad always precede division in the 
outer or micropylar dyad cell. This delaying of cell division in the upper 
one has also been found to result in its complete degeneration. Immediatdy 
after the first division, the lower dyad is found to increase in length by further 
growth, whereas the upper one remained without any change. The second 
divison spindle in the upper dyad was also found to be defective in certain 
cases. In Saccharum, therefore, could be observed an irregularity due to 
timing and spacial adjustment, brought about by a lack of coordination of 
certain external and internal agents of cell division. Such a condition may 
be the outcome of a pptritiopal ^vanta^e of tbe bpiermost m^aspores of a 
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linear tetrad, being in immediate contact with the floral axis. This condi- 
tion does not arise in pollen-mother-cells. 


(d) Parthenogenesis in Saccharum 

It has been found that ordinarily the egg cell in normal embryo-sacs 
develops into an embryo only after fertilization. Several plants liave, how- 
ever, been known to develop haploid embryos by influence of certain external 
stimuli like electrical, chemical and mechanical injuries inducing the unferti- 
lized egg to develop. Haploids have been produced by selfing in Nicotiana 
[Webber, 1933 ; Coodspeed and Avery, 1930]. and SoUmum [Humphrey, 
1934] or pollination with a different species as in Datura [Belling and Blakeslee, 
1927] and Solanum [Jorgensen, 1928]. Heat treatment as in Zca [Randolph, 
1932] or dusting with X-rayed pollen as in Triticvm [Kihara and Katayama, 
1932 ; Katayama, 1936, and Chizaki, 1934] have also been found to induce 
parthenogenesis. In plants like Allium odorum [Modilewski. 1930] and certain 
species and biotypes of PotentiUa [Miintzing, 1928], parthenogenesis has 
been induced by pseudogamy, viz. the male gamete merely exciting the de- 
velopment of the egg and then degenerating. 

Gaines and Aase [1926] found that haploid Triticum cmnpactum arose 
parthenogenetically following the fusion of both the male gametes wdth the 
polar nuclei. According to Haberlandt [1921] the stimulus of degeneration 
of synergids and nucellar tissue ha.s induced parthenogenesis in Taraxacum 
and Hieracium. It has been found that diploid parthenogenesis in species 
of Chondrilln [Poddubnaja-Arnoldi, 1933] and Taraxacurn [Gustaffson, 1934] 
has been associated w'ith meiotic irregularities like the formation of restitu- 
tion nuclei leading to non-reduction and development of unreduced gametes. 
In Artemisia nitida [Chiarugi, 1926], such diploid embryos are produced 
parthenogenetically in gametophytes developed from a single diploid mega- 
spore as in Hieracium and Antenrvaria [Bergman, 1935], and Poo serotina 
[Kiellander, 1935], from one of the diploid dyads as in Taraxacum or from 
one of the tetrad diploid megaspores (Alchemilla type). 

Since in S. officinarum, embryo can develop in unpollinated ovules, the 
reunion of two megaspores after a normal reduction has to be considered in 
the light of a ‘ fertilization ’. Tt is, therefore, in result identical with the 
sexual fusion of gametes. This fused nucleus (with the constitution of a 
zygote) develops into a diploid gametophyte, in which one of the nuclei 
divides to form an embryo at the micropylar end. 

The degeneration of the two polar nuclei associated with parthenogenesis 
is a noteworthy feature in 8. officinarum. In species such as Eri.geron annus 
[Holmgren, 1919], the two may fuse or, as in Balanophora [Ernst, 1914], may 
not fuse. In Zephyranthus [Pace, 1913], however, an endosperm tissue was 
formed by fusion of both the polar nuclei with a generative nucleus. 

Nucellar embryony, viz. one of the cells of the nucellus directly develop- 
ing into an embryo, was found in unpollinated ovules of 8. officinarum. A 
similar feature by stimulation of pollination has been observed in Allium 
odorum [Haberlandt, 1923], and in Zygopetalum Mackayi [Suessenguth, 1923]. 
Mangelsdorf and Beeves [1931] observed many partbenocarpic oyairips.'in 
(9) X Tripsacum {$) in which the nucellar cells were growmg. 
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In parthenogenetic development in 8. officmarum, the two polar nudei 
which are found in a degenerate condition probably supply the egg with 
nutrients. In Orinum P’omita, 1931], it has been found that embryo develops 
without endorsperm formation. Such embryos probably derive nutrients 
by destroying and absorbing the contents of nucellar cells. Thus failure of 
endosperm formation that would nourish the embryo seems to be made 
good by the egg cells deriving food materials from synergids, polar nuclei, 
antipodal cells and surrounding nucellar tissue. 

(e) Palyembrymy 

Multiple embryos have been known to develop from cells of nucellus, 
synergids, antipodal cells, suspensor cells and cells of the integument. This 
polyembryony has been reported in grasses like wheat, oats and rye [Hansen, 
1920 — 1921], rice [Komuro, 1922 ; Rodrigo, 192.5 ; Jones, 1928]. In ovules 
of 8. offieinarum, double egg cells in embryo-sacs and secondary embryo-sacs 
as in Poa, Oryza, etc. developed from more than one megasporc-mother-cell 
have been observed. These provide the conditions for the production of 
twin seedlings. Twin seedlings of Triticum, Secale, Avena, Pkleum, Poa., 
Festuca, etc. have shown deviating chromosome numbers one of the twins 
generally showing to be a triploid [Miintzing, 1937], It is possible that such 
seedlings in Saccharum would show their normal and polyploid nature as 
observed in wheat by Namikawa and Kawakami [1934]. 

(/) Zygotic viability and incompatibility 

Thompson [1930], Weatherwax [1930], Kihara and Nishiyama [1931], 
Watkins [1932] and Miintzing [1933] are of opinion that there exists a rela- 
tionship between three mutually dependant and genetically dissimilar tissues 
in a developing ovule, viz. : (a) the maternal tissue or nucellus and integu- 
ments, (6) the filial sporophyte— the embryo, and (c) the endos[}erm. The 
numerical relationship between the mother, endosperm and embryo in a 
normal diploid plant is as 2 : 3 ; 2, or in other words, the diploid embryos 
are in contact with triploid endosperm amidst diploid soma or maternal 
tissue ; hence the tissues are in equilibrium and give viable seeds. A<H'ording 
to them, a lack of harmony in the physiology of the embryo and })istillato 
plant, as a result of quantitative change alone, would result in a retarded 
growth of embryo and do not form viable seeds. In a diploid embryo-sac, 
all the eight nuclei have the same relative constitution as in a normal haploid 
one. The 3» embryo developed on fertilization of diploid egg is in contact 
with 5n endosperm and is nourished by the 2» sporophyte. This ratio does 
not seem to interfere with the viability of the developing embryo, since the 
odtnpeting system forms ‘ cine vitde KonatcUlation ’ as observed by Miintzing 
[1930-31]. 

If doubling of chromosomes were to occur in haploid egg cell of 8. offi- 
cinarum, it does not lead to a regular chromosomal balance between the 
different tissue systems, as the triploid embryo resulting fiwm fertilization 
wotdd be in contact with a 3» endosperm. This may probably account for 
the prwenoe of degenerated embryos observed in a considerable number of 
Ovtites acid for the high mortality of wnbryos g^raHy observed in sugar- 
cane as reported by Artechwager et al. [1929]. 




Plate XV 

(Microphotogra{)hs taken at a magnification {X26fi) and 5* extension of bellows) 

{a) Diakiiiesis in m.m.c. of S. apontmmm; (b) Dyad cells formed after first division of meioais ; 
(c) Non-identioal stages of second division ; (d) Triads : (e) Second metaphase in inner dyad cell with the 
upper one in a degenerate (jondition : (/) Linear sjmre-tetrad showing the functional chalazal megaspore ; 
(j) Binucleate megaspore with two outer degenerate ones; (h) Two- nucleate embryo-sac'; (i) Mature 
embryo-sac at the time of fertilization : a connection between egg-cell and synergids by a peg-like growth 
is seen ; (j) Parthenogenetic development of egg in mlki : (k) Melaphase stage of division of egg cell 
before fertilization: the two polar nuclei arc seen in tact ; (0 Binucleate antipodal egg in an embroy-sac 
ofVellai. 
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In crosses between 8, officinarum and 8. apontaneum the seedlings obtained 
have invariably shown a doubling of chromosomos of the pistillate parent. 
This might be due to a difference in the relative vitality of the uniting haploid 
gametes to form viable embryos or to some influence external to itself which 
cause the death of embryo during development of (?arvo})sis. Perhaps the 
incompatibility of the haploid ^ aponianenm ’ genorn to exisi tc^gether with 
the haploid genom of ‘ offijcinarurn ’ to form a viaT)le zygote might be the 
cause. How far selective fertilization is responsible for the same or wliether 
successful fertilization is the result of a doubling of chromosomes, is hard to 
say. 

Tn crosses between the noble cane x 8or(ihinn. viabh' eml)rvos are formed 
from fertilization of both hajfloid and diploid eggs in the j)istillate pareni . 
whereas in Harclmrnm y ImperaUi, only diploid fertilized eggs were found to 
be viable, unlike that in 8acx*harum ' Bairthn^a hybrids [Janaki Animal, 
Pt'i.S) wliere only haploid fertilized eggs have bccm kn<»\\n to ]>e viable. Hence 
diploid eggs in the noble cane seem to be favoured at tlu‘ evpcii'^c of redii(‘cd 
ones in crossfis with other species and genera. Seed development, in ii*Mieral. 
has been found to be better in interspecitic crosses, when the j):irent contain- 
ing the high chivunosome number is the female [East. 1035 ; Bove*- and 
'I'hompson, 1037 1. Therefore, any difiloid egg in S. ftijiri harvm in a ‘Jc 
(Mnbryo-sae stand'^ a greater chance of being fertilizer! and piodiicimr viable 
se< (Is. 'Fhe liaploid fertilized eggs would then lie nonv able. I'or the same 
reason, diploid pollen grains are less functional in ]iroflneinL: triploid pr<> 
genies. 

(l/) (\msequntcea of 

nonbling of chromosome sets during ganiet(‘g<'Ti(*si.^ in X. fnn 

ass()ciat<Ml vith an increase of size of the various parts in tlir‘ auto trijiloids 
followed hy an im'rease in its yielding capacity [Janaki Amnird, Tlu* 

same chromosome eomidement has a (|uantitatively and (pialitatively diff’ereni 
phenotypic expression when representral difTcnnit numbm- oi tinier. The* 
triploid mutants of .Sh •^j^mtanearn are known to h(‘ ‘ giant'N 

Doubling (d' chroniosomos during gametogeiie^is, hiding to non-nalm tion. 
is of great importanee in the synthesis of ik \v and v. idel\ s^^paiMted 

genera 'Thus in the trigeneric triple hvhii liz.at cm only tlm^r iiyhrids of 
Trifintm flivarrum • IJaqnnJdia would cross vith rrndlf through 

runctioning of unr<Mluced female gametes [Kostoff and Anitiunova. PhST]. 
The d(mhling of chromosomes eould he utilized as a means of im rcaviug the 
crossaliility between plants and overeoming non-« ro>sal)ilit \ | Ivarjiecheiiko. 

This fact is of considerable import*uu‘e in plant breeding as this 
would serve to bring together a eombination of desire<l charaeders found in 
differeiit species and genera. In the words of Kar|)echenko [19*27], * To learn 
how to increase arbitrarily the number of polyploid gametes, to learn how to 
]>i('k out the latter and use them for erossing. i< a v^ry alluring task ’ 

SlMMAliV 

1. Megasporogenesis in the two spi des of Saccharion have been criti- 
cally studied, Meiosis in megaspore'inother-cells follows the normal coarse. 
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2. Occasionally the innermost megaspore of a tetrad and more com- 
monly the inner haploid dyad cell develop into the embryo-sac. 

3. Diploid megaspores are formed by fusion of two inner haploid mega- 
spore nuclei of the spore-tetrad and more commonly observed in 8, 
cinarvm. 

4. Both haploid and diploid embryo-sacs develop and are of the normal 
eight-nucleate type. 

5. Normal and triploid embryos in 8. officinarnm are formed by fertiliza- 
tion of haploid and diploid egg cells. 

6. Diploid parthenogenesis and nucellar embrjoiiy are recorded in 8, 
officinarnm. 

7. Various abnormalities, like a reversal of the embryo-sac, presence of 
two egg cells in embryo-sacs, secondary embryo-sacs in the same nucellus, 
uni-nucleate or binucleate ‘ antipodal ’ egg cells, are observed in both the 
species. 

8. Evidences for the origin of triploid mutants and triploid hybrids of 
8accharum through non -reduction, reunion of daughter-nuclei or splitting of 
chromosomes in haploid egg cells have been presented. 

9. The reunion of two megaspore-nuclei is related as equivalent to a 
^ sexual fusion ’ of gametes or ‘fertilization ’ and probably accounts for a non- 
recurrent parthenogenesis in Saccharnm. 

10. Viability of embryos in Saccharvm lias been found to be probably 
related to the degree of polyploidy of maternal tissue and endorsperm. 
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Introduction 

T he grape has almost invariably found a place in the orchards through- 
out the Punjab, but its cultivation never assumed that commercial 
importance which is meted out to some otlier fruits. This may bo due chiefly 
to the cultivation of such varieties as hap|>ene(l to bo unsuited to the condi- 
tions prevailing and, as such, did not bear crops of that delicious quality for 
which the fruit from Quetta and Chaman (as kn<»\\n in commerce) has made 
a name. Obviously the first stop to the iin]>rovcincnt of this important fruit 
necessitated the trial of a large numbi'r of varieties growing under diverse 
conditions in various parts of the world to see which of them could be acclima- 
tized profitably and then supplement it ]>y tlie evolution of new varieties 
through hybridization. With these aims in view, one hundred and Un varie- 
ties were obtained from California, New^ York, Russia, Australia, Quetta, 
Peshawar, Nasik and also from some places in th(* ITin jab. I'be varieties obtain- 
ed from California include several that are also popular in Palestine and France, 
those obtained from Russia unfortunately did not survive and those from 
New York have been planted only recently and it is thus too early to give any 
authentic information regarding them. 

The varieties imported got mixed up somehow, with the result that at the 
time of fruiting an admixture of several distinct varieties w as noticed in rows 
of most of them. This presented difficulties not only in the matter of record- 
ing yields but alsoin actually ascertaining which individualin any particular row' 
to label by the name under which it was originally received. In order to avoid 
confusion, the different varieties were assigned an identity designation till 
they were isolated, for which even the standard books on the subject 
[Bailey, 1922 ; Hedrick, 1919 ; 1922 ; Munson, 1909 ; Perold, 1927] did 
not help matters to any appreciable extent, as these works put together 
do not contain the description of more than a dozen and a half of the varieties 
reported in this paper. This naturally necessitated the carrying out of de- 
tailed investigations into their morphological characters w ith a view to isolate 
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them properly and further utilize the data for hybridization work. The 
importance of the work of this kind is well recognized in the horticulturaUy 
advanced countries of the world , where botanical characters of the varieties 
under cultivation are recorded from time to time and the information, in 
course of time, forms an asset both to the grower and the investigator. 

Tn India there is a great dearth of literature on the subject particularly 
with regard to this fruit, which is almost a monopoly of British Baluchistan and 
Afghanistan at present. In planning the investigational work reported here- 
in, the treatise on viticulture by Perold [1927] was found to be a valuable guide. 
The technical terras used in describing a vine are, therefore, largely those that 
are already well recognized in other gra|K*-growing countries of the world. 

The investigations reported herein were carried out over a period of five 
years (1933-37). The mass of descriptive data, collected during this period, 
has been properly arranged to facilitate easy reference, the arrangement of 
description being identical for all the varieties. It is hoped that the data, 
reported in this paper, would be useful in many ways to the research workers, 
growers and nurserymen. The relative importance of various parts of a vine 
ro8jX)nsible for giving the varieties their distinguishing (*haracters is discussed 
and a key to tiieir identification is })repared on that basis. The key thus 
constructed and rvported lierein is both easy of adoption and exhaustive in- 
asmuch as it can help to isolate all the varieties in the collection at Lyallpur. 
Nevertheless th(‘ scojk) of its use may po.ssibly extend to a further lot of varie- 
ties in the matter of diagnosing them. FurtluTinore. the descriptive notes 
regarding each variety would e([uip the besinners against undue vaste of 
time an<l money in tlu‘ matte r of introduring ik*\\ \aricties for trial as the 
same can be ^upplit'd from Lyallpur. This would also help the investigators 
in their work of breeding new varieties, h(\<ides proving of practical importance 
in the naming of stray varieties, jiurcbasing varieties true to name and detect- 
ing the presence of ‘ rogues \ 3!ucli of the confusion re^garding correct 
nomenclature would also bo avoided. 

rsKi) 

The graj)o vine varieties, growing in the experimental garden at Lyallpur, 
that wore obtained from California, Australia, Quetta, Peshawar, Nasik, and 
some places in the Punjab, served as the material for these investigations. 
The plants wore set in their j)ermanent places in the spring of 1928. The soil 
is sandy loam alluvial. All varitdies were trained by three systems of pruning 
viz. head, cane and conlon but the descriptions given herein relate to the 
vines trained on trellis and pruned to ‘ cane system ’ [Bioletti, 1922 ; Pb. 
Agric. Coll. Mag.: 1935] as all the varieties responded best for cropping 
to this system. 

Methods employed 

Study of the fidlow ing parts of the vine was made in each case on the 
lines set forth as under : — 

{/) General vigour , — The vigour of the different varieties growing in the 
collection area was described avS ‘ vigorous \ ‘ medium and ‘ poor ’ according 
to the general appearance of the plant bussed on the thickness of trunk and 
length and thickness of canes. 
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(2) Unfolding leaves . — Tlie colour and pubescence of unfolding leaves was 
recordofl quite early in the growing season for each variety. 

(3) Growing shoots . — The degree of pubescence on growing shoots was 
noted early in the growing season, viz. months of April and May. The pubes- 
cent shoots are graded as glabrous, cobwebby, downy and felt-like as 
follows : — 

(a) Glabrous. — When the pubescence is almost wanting. 

(b) ( Jobwobby or slightly pubescent. — When the pubescence extends to 

the first five nodes reekoned from the tip of the shoot. 

(c) Downy or fairly pubescent. — When the pubescence extends over the 

first ten internodes. 

(d) Woolly or stronglj" pubescent. — When the pubescence extends over 

more than ten internodes. 

{4) Full-grown leaves. — For a study of the leaf characters only those 
leaves were selected that were fairly uniform in shape. Such a condition was 
found to exist in almost all the varieties in case of 9th to 12th leaves counted 
from the base of the shoot , It may also be noted that the range of occurrence 
of the leaves of uniforjii shape was considerably more in case of the vigorously 
growing varieties. Such obserxatitms as leaf shape (Fig. 2), pubescence, 
dentition, pul)esceu(‘e and (*olour of leaf nerves, colour and pij|)escence of 
petiole, etc. were made separately for each variety. The pubescent leaves are 
(dassed as : — 

(a) Glabrous. — When the pubescence is almost wanting except a slight 

amount of it being ]>rosent on the nerves on the lower surface 

of lamina. 

(b) Downy. — When there is only a fair amount of pubescence w hich 

can be rubbed off easily. 

(c) Felt-like. — When the pubescence on the lower surface of the leaf is 

dense giving it a woolly white appearance and withstands 

rubbing. 

(5) One-year-old wood (canes). — The properties of the ripened wood wx^re 
noted after the leaves had dropped in order to see how far they could help in 
distinguishing varieties. Their study consists of describing the colour, shades 
and pubescence if persisting. To study the length of intemodes ten shoots 
were taken in case of each variety, which has been described as short, medium- 
long and long as imder : — 

Short, — Average length of intemodes up to 3*0 cm. 

Medium-long. — Average length of intemodes from 3*1 to 4*5 cm. 

Long. — Average length of intemodes over 4*5 cm. 

(6) Flowers. — The varieties were described as having perfect or imper- 
fect flowers, depending upon the presence or absence of essential parts. 

(7) Bunches and berries. — Detailed notes on shape, size and compactness 
of bunches ; size and toughness of peduncle ; size and condition of pedicel ; 
shape of berries, colour and condition of skin, condition and taste of pulp ; 
number, colour and shape of seeds, etc., for each variety, were recorded (Vide 
glossary). 
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Presentation of results 

(Z) Vigour of varieties. — ^All the varieties growing in tlie collection have 
been placed into three groups, viz. vigorous, medium and poor. It may be 
mentioned at the outset that the varieties behave differently with respect to 
this character under diverse conditions but in a collection at any particular 
place the degree of vigour may give the varieties a distinguishing character. 
It, therefore, follows that vigour is a feature of relative importance only and 
its utility is limited to the comparison of varieties growing side by side when 
conditions are uniform and soil heterogeneity is at its minimum. This charac- 
ter, therefore, has not been employed to classify them. 

(2) Unfolding leaves. — The colour and pubescence of unfolding leaves 
along with the colour of margins was found to be a useful guide for differentiat- 
ing varieties, but this was, however, possible only by comparing side by side 
the growing tips of shoots. This feature provides such a wide range of varia- 
tion that individuals of no two varieties under study looked alike, but it is to 
be noted that it is extremely difficult to describe the colour shades and degrees 
of pubescence, with the result that for diagnostic purposes the descriptive 
notes regarding this feature were of little use. If, however, coloured diagrams 
could l>e made, this character, perhaps, would serv^e to differentiate varieties 
better tlian several other features taken singly. 

(3) Growing shoots. — The growing shoots are either green or have purplish 
colour in them. The purple colour may either be in streaks or it may be pre- 
dominating in the region of the growing tips. The degree of pubescence on 
the two types of canes generally met with varies (onsiderably. The data 
regarding the classification of varieties under study ac(‘ording to colour and 
pubescence of green shoots is set out in Appeiulix I. Jt would be seen at a 
glance that comparatively a small number of varieties have purely green 
coloured shoots, but a large majority of them have purple colour in them. 
This featui’C is not so outstanding for the identification of varieties as some 
others described hereafter. If, however, the data is use<l in conjuiu tion with 
other features, the classification of varieties can be greatly facilitated. 

(4) Fvll-grotvn leaves. — As stated previousl\\ Ptli to 12th leaves on the 
canes reckoned from the base were employed for noting the siiape and pubes- 
cence^ of loaves for all the varieties under trial. Siich leaves were invariably 
found to be of uniform shape and size if growing normally. In Ap|)endix II 
the varieties have lieen groupe<l according to the shajH' and pubescence of 
leaves thus sttidied. With the exception of Agawfifn, the sha}>e of leaves of 
the rmnaining varieties is either orbicular or cuneiform iFig. 2). ' The varieties 
having these three forms of leaves are ftirther groti}>c(l acrording to the degree 
of pubescence on the lower surface' of leaves, viz. glabrou.s downy, or felt-like. 
.W\ the varieties under study thus fall into st^ven groups 

(5) One-year-M wood. — Notes on the character of one-year-old wood arc 
(H>mpiled in Appendix III. This character, when used in conjunction with 
others, is quite helpful in identifying varieties. 

(6) Bunches and berries. — This, perhaps, provides the best single feature 
lor diagnostic purposes and is also quite easy of accurate description. No 
two varieties look alike witii respect to the character of bunches and berries. 
The berry chanoters oonaiatuting colour and shape are set out in Appendices 
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IV and V, respectively. Both of these oharaoters have been found to be very 
helpful in identifying varieties. 

There is always a certain amount of variation in the colour and shape of 
berries. For instance under ‘ light purple ’ column (Appendix IV) not only 
the varieties having light purple colour are included but also others that are 
either red or reddish. Similarly under ‘ green ’ column, varieties having green 
and yellowish green berries are included ; and under ‘ light green ’ column, 
varieties having light green, greenish yellow, pale green and yellowish white 
colour, etc. are included. The shape of berries also varies to some extent in 
nearly all the \wietie.s, especially in case of those that bear compact bunches. 
For study of shape, therefore, berries from fairly loose bunches or loose parts 
of the compact buiufhes wore invariably taken .so jis to exclude tliose having 
abnormal shape from berry shape study. 

Notwithstanding all this, certain unsunnountable difficulties weic expe- 
rienced, e.g. in the case of spherical berries theiv wei-e some slightly deviating 
from the perfect spherical shape but had to be cla.ssed as spherical. The same 
difficulty was experienced in case of the short-oval and oval-shaped varieties. 
It is, however, considered advisable to oleiss varieties having short-oval shapes 
as distinct from those having oval shape but also to refer to some other dis- 
tinguishing characters in cases of dispute. 

Description of varieties. — ^The varieties have been arranged and described 
in their alphabetical order. 

Agavxm 

Vines. — Of medium vigour. 

Shoots. — Medium-thick, medium-long, rough ; colour red in streaks on 
green ; pubescence strongly woolly ; intemodes medium-long ; tendrils medium- 
long, pubescent, trifid, discontinuous ; tips of growing shoots brownish green ; 
young leaves appear white due to dense pubescence on both surfaces, margin 
green. 

(7o»c«.— Smoky, angular, bark peeling off. 

Leaves. — -Dark green on upper but light green on lower surface, thick, 
rough ; shape cordate ; pubescence downy on upper but felt-like on lower 
surface ; leaf entire, petiolar sinus slightly open below, others missing ; teeth 
very broad and pointed ; terminal tooth broad, rounded and pointed ; iiervc.s 
thick greenish yellow with pinkish dots, strongly pubescent, stalk very thick, 
yellowish green with pink shades, pubescence downy. 

Flowers. — ^Hermaphrodite. 

Characters of the bunch. — ^Peduncle short, thick and tough ; bunches me- 
dium, long, pyramidal, single, loose or compact, even ; pedicel short, thick and 
warty ; berries medium to large, spherical ; skin purple, thick and leathery ; 
berry content quite pulpy sweet with a peculiar mango flavour ; seeds dark 
brown, 2-4 per berry. 

A light to medium cropper ; ripens during the month of July. 

Angiilata 

Vines. — ^Vigorous. 

Shoots. — ^TMdk, medium-long, rough; colour dark purple; pubescence 
densely woolly ; intemodes meditun-long ; tendrils short, pubMcent, bi- or 



IV] 


GEAPE VINE VARIETIES 


667 


triiid, intermittent ; tips of growing shoots brownish gi-ccn ; young leaves 
yellowish green, margin reddish green, pubescence on both surfaces. 

Danes. — Smoky on one side and light brown on the other, angular, bark 
sound. 

Leaves. — ^Dark green on upper but light green on lower surface, thick and 
rough ; shape cuneiform ; pubescence downy on upper but felt-like on lower 
surface ; 5-lobed, petiolar and other sinuses well marked ; small and bigger 
teeth irregularly alternating, medium ; nerves medium-thick, strongly pul:»s- 
cent, yellowish green ; stalk short, thick, strongly pubescent, light green and 
pink in patches. 

Flowers. — Hermaphrodite. 

Characters of the bunch. — Peduncle long, thin or medium-thick, soft and 
brittle ; bunches medium or large-sized, long, irregular, divided, very loose, 
fairly even ; pedicel long, thick and warty ; berries small or medium-sized, 
spherical ; skin pinkish yellow, thick and leathery ; berry content juicy, a bit 
acidic, quality fair, seeds brown, about two per berry. 

A light to medium cropper ; ripens in July. 

Australian 

Vines. — Of medium vigour. 

•Shoots. — ^Thin, short, rough ; colour yellowish green with pink lines ; 
pubescence downy ; internodes medium-long ; tendrils medium-long, bi- or 
trifid, w'ooly, discontinuous ; tips of growing shoots reddish green ; young leaves 
yellowish green, margin red near the tips of teeth. 

Canes. — Colour brown on one and greyish yellow on the other side, angular. 

Leaves. — Dark green on upper surface but light green on lower one, small, 
thick and rough ; shape cuneiform ; almost glabrous ; 6-lohed. petiolar sinus 
open and cup-shajied, basal and lateral sinuses also veil marked and V-shaped ; 
teeth narrow, small ones alternating with bigger ones, terminal tooth very 
narrow, long and pointed, nerves thin, pinkisli, strongly woolly : stalk short, 
thick, pink, slightly pubescent.. 

Flowers. — Herra aph rcxl it c . 

Characters of the bunch. — Peduncle long, medinm-thick. tough ; bunche.s 
medium-sized, long, pyramidal, single, fairly comjiaet ; ripening even ; jedioel 
slmrt. thick and warty ; berries medium-sized. .'ipJierieal ; skin purple with 
blue bloom, thick and leathery ; l»crry content pulpy, lirm and sweet ; quality 
fair ; seed colour reddish broxm, 2-4 per lajiry. 

A light cropper ; rii)ens about the l>eginning of July. 

Huhaior 

Vines. — Vigorous. 

Shoots. — ^Thick, medium-long, rough ; colour dark purple on upper but 
grcien on lower surface ; pubescence densely woolly : internodes medium- 
long ; tendrils short, pubescent bi- or trifid, intermittent ; tips of growing 
sh<x>te brownish green ; young leaves yellowish green, margin reddish green, 
pubescence on both suHaces. 

Canes. — Brown on one and greyish yellow on the other side, angular. 
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Leaves. — ^Dark green above but li^t green on lo’wer surface, thick, rough ; 
shape cuneiform ; pubescence downy on upper but felt-like on lower surface ; 
5-lobed, petiolar and other sinuses well marked, U-shaped ; teeth narrow, 
long and pointed, and terminal tooth very long and pointed ; nerves medium- 
thick, strongly pubescent, colour yellowish green ; stalk short, thick, strongly 
pubescent, colour light green and pink in patches. 

Flowers. — Hermaphrodite. 

Characters of the. bunch. — Peduncle long, thin or medium-thick, soft and 
brittle ; bunches medium or large-sized, long, irregular shape, divided, loose ; 
riptMiing fairly oven ; pediciel long, thick and warty ; berries small or medium- 
sized, spherical ; skin pinkish yellow, thick, leathery ; berry content juicy, a 
bit acidic, quality fair ; seed colour brown, about two per berry. 

A medium cropper ; ripens from the end of June to tlu* third week of 
July. 

Beau Blanc 

Vines . — Of poor vigour. 

Shoots. — Short, medium-thick, rough ; colour green witli rod streaks ; 
])ul)e.soence woolly (very small hair) ; internfales short ; tendrils short, bifid, 
pubescent, intermittent ; tips of growing shoots brownish green ; unfolding 
leaves gieenish yellow, margin pink, pubescent on Imth snrfares. 

Canes.— Smoky, angular, bark sound. 

Leaves. — Dark green on upper but light green on lower surface, niedium- 
thick, rough ; shape orbicular ; pubesc-ence downy on lower siurfaoe but glabrous 
above ; 5-lobed, petiolar sinus closed above by basal lobes but open below, 
basal sinuses less marked than lateral ones ; teeth large, broad and pointed ; 
terminal tooth narrow, tapering and pointed ; nerves yellowish green having 
pink or brown shades, pubescent, thin ; stalk short, thin, colour yellowish 
green with pink shades, slightly pubescent. 

Flotvers. — ^Hermaphrodite. 

Characters of the bunch. — ^Peduncle medium-long, thin, tough ; bunches 
small or medium-sized, long, pyramidal, single, compact ; ripening even ; 
pedicel medium-long, thin and warty ; berries small, spherical or short -oval ; 
skin translucent, yellow or pinkish yellow, medium-thick, cracking ; l)en-y 
content juicy, mild sweet and of good flavour ; quality fair ; seeds brown, 2 
to 3 per berry. 

A light cropper ; ripens from the third week of June to the f>eginning of 
August. 

Bedarui 

Vines . — ^Vigorous. 

Shoots. — Thick, long, rough ; colour purple on upper but green on lower 
surface *, pubeuoenoe cobwebby ; internodes medium-long ; tendrils long, 
pubescent, trifid, intermittent ; tips of growing shoots pale green ; young 
leaves yellowish green, margin of the same colour, pubescent on both sur- 
faces. 

Games. — Smoky angular, bark sound. 

Leaves. — Oreen on upper but light green on lower surface, medium-thick ; 
shape orbicular glabrous on both surfaces ; 6-lobed, petiolar sinus closed above 
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but slightly open in the middle, basal and lateral sinuses not well marked, 
V-shaped ; teeth acute and point^ ; terminal tooth acute and pointed ; nerves 
thin, light pink but red near their point of origin on the upper surface, slightly 
pubescent ; stalk short, thin, green with purple streaks, glabrous on both 
surfaces. 

Flowers. — Hermaphrodite. 

Characters of the bunch. — Peduncle long, thick and brittle ; bunches large- 
sized, long, pyramidal, single, compact ; ripening fairly even ; pedicel medium- 
long, thin and warty ; berries smaU-siz^, oval ; skin greenish yellow, medium- 
thick and cracking ; ^rry content a bit firm, sweet and of good flavour, seed- 
less. 

A medium cropper ; ripens from the middle of June to the middle of 
July. 

BeUino 

Vines.- — Of medium vigour. 

Shoots. — Medium-thick, medium-long and rough ; colour bluisJi red in 
patches or hues on green shoots ; pubescence densely woolly ; internodes me- 
dium-long ; tendrils short, pubescent, bifid, intermittent ; tips of growing 
shoots brownish green, woolly, ; unfolding leaves yellowish gretm, vooUy, 
margins tinted red. 

Canes. — Smoky on one side and light brown on the other, round, bark 
sound. 

Leaves. —Dark green on upi)er but light green on lover .surface, thick and 
rough; sba])e orbicular; pubestence downy on upj)er but felt -like on lower 
surface ; S-lobed. jK^tiolar sinus closed above t)y basal lobes but open l>elow , 
basal and lateral siuus&s well marked, U-8ha|»c«l ; teeth narrow and })ointed, 
small and big ones irregularly alternating ; terminal tooth long, nairow and 
pointed ; nerves thin, yellowish green with pink shades. 1st and 2nd laterals 
red near their ]X)int of origin, strongly w'oolly ; stalk light purple, short, it)ediuni- 
thick. pube8(»nt. 

Floioers. — Hermaphrodite. 

Chnrneters of the hunch. — Peduncle medium-long, thick and tough ; bunches 
medium-sized, long, pyramidal, single, compact • ripening even ; pedicel short, 
thick anti warty ; berries medium to large-sized ; shape spherical or short 
oval ; skin thick, dark purple wdth blue bloom, leathery ; berry content a bit 
firm, juicy and sweet ; seeds dark brown 2 to 3 per berry. 

A light to medium cropper ; ripens from the middle of June to the middle 
of July. 

Bhokari 

Vines . — Very vigorous. 

Shoots. — ^Thick, long, rough ; colour dark purple with green lines or shad&s ; 
pubescence woolly ; intemodes long ; tendrils medium, pubescent, bifid, intt^r- 
mittent ; tips of growing shoots brownish green ; young leaves purplish green, 
margin red, pubescence on both surfaces. 

Canes.— Purple, round, pubescence persisting. 

Leaves. — ^Dark green on upper but light green on lower sm-face, medium - 
thick and rough ; shape cuneiform ; pul^oence glabrous on both surfaces ; 
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5-lobed, basal sinuses less marked than others ; teeth long, narrow and pointed 
terminal tooth long, narrow and pointed ; nerves thin, greenish yellow with 
pink dots ; on upper surface of the lamina the nerves are purple till the point 
where tertiary nerves arise, but on the lower surface the second lateral nerves 
are purple only near their point of origin ; stalk short, thin, dark purple with 
green shades, ahnost glabrous. 

Flowers . — Hermaphrodite. 

Chardcters of the bunch, — Peduncle long, medium-thick, tough ; bunches 
medium to large-sized, long, pyramidal, usually single, fairly compact, ripen- 
ing even ; pedicel long, medium-thick, smooth and brittle ; berries large, 
spherical ; skin greenish yellow, thick and leathery ; berry content juicy, mild 
sweet, quality fair ; seeds well developed, brownish black, 1-2 per berry. 

A heavy cropper ; ripens from the end of June to the end of July. 

Black Damascus 

Vines. — ^Vigorous. 

Shoots. — Long, thick and rough ; dark purple shades or lines on green ; 
pubescence strongly woolly ; internodes medium-long ; tendrils medium-long, 
bifid, pubescent and intermittent ; tips of growing shoots, brownish -green, 
strongly woolly ; unfolding leaves greenish-white with red margins, dense 
pubescence on both surfaces. 

Canes. — Light brown but slightly smoky on one side, prominently an- 
gular. 

Leaves. — ^Dark green on upper but light green on lower surface, thick and 
rough ; shape orbicular ; pubescence downy on upper but felt-like on lower 
surface ; 5-lobed, petiolar sinus closed above but open below, other sinuses 
>vell marked ; there is a tooth developed at the base of lateral sinuses ; teeth 
in two series, small ones regularly alternating with large, broad and pointed 
ones ; terminal tooth long, narrow and pointed ; leaf nerves strongly pubes- 
cent, medium-thick and pinkish yellow in colour but the middle and lateral 
nerves turn purple at the tips, second lateral nerves purple near their point 
of origin till the point where the tertiary nerves arise ; leaf stalk green with 
dark purple shades, short, medium thick and sligldly pubescent. 

Flowers. — Hermaphrodite . 

CharcLCiers of the bunch. — Peduncle short, tliick and tough ; bunches me- 
dium or large-sized, short, pyramidal, single and fairly loose ; ripening fairly 
oven ; pedicel medium-long, thick and warty ; berries medium to large-sized, 
oval ; skin dark purple with blue bloom, thick and cracking ; berrj’ content a 
bit firm, melting and sweet ; flavour and quality good ; seeds of brown colour 
well-developed, 2 to 3 per berry. 

A light to medium cropper ; ripens from the beginning to the third week 
of July. 

BUick Prince 

Vines. — Vigorous. 

Shoots. — Long, thick and rough ; colour mostly green with dark purple 
bands on nodes and streaks on internodes ; pubescence downy ; intemodes 
short ; tendrils medium to long, bi- or trifid, pubescent and intermittent ; tips 
of growing shoots yellowish green, pubescent ; unfolding leaves, yellowish 
green with pink margins, pul^cence on both surfaces. 
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Ccmea. — Smoky on purple baok-grotmd, round. 

Leaves. — ^Dark giton on upper but light green on lower surface, thick and 
rough ; shape orbicular ; pubescence downy on upper but felt-like on lower 
surface ; 3-lobed, petiolar sinus open, but lateral sinuses not very well marked: 
teeth in two series, small ones regularly alternating with large, broad and 
pointed ones ; terminid tooth long, narrow and pointed ; leaf nerves medium - 
thick, pinkish yellow and pubescent ; leaf stalk short, medium-thick, yellowish 
green with purple shades and pubescent. 

Flowers. — ^Hermaphrodite. 

Characters of the bunch. — ^Peduncle medium-thick, medium-long, and 
tough with or without a lateral bunch ; bunches medium or large-sized, long, 
pyramidal, single or divided, loose or compact ; ripening even ; pedicel 
thin, long and warty ; berries large or medium-sized, shape spherical ; skin 
dark purple with blue bloom, thick and leathery ; berry content separates 
in a mass from the skin, juicy, sweet and of distinct and good flavour ; very 
good quality ; seeds well developed, 1 to 3 per berr}'. 

A medium cropper ; ripens from the middle of June to the middle of 
July. 

Black Prince (Calif.) 

Vines. — Very vigorous. 

Shoots. — Thick, long, rough ; dark purple shades or streaks on green : 
pubescence densely woolly ; inteniodes medium -long ; tendrils long, tri- 
tetra or i)entafl(l, strongly pul>escent, intermittent ; ti]»s of growing shoots 
l)rt)wni8h grten ; young leaves greenish white, margin led. 

Canes.- -Smoky on purjde back-ground, round. 

Leaves. -Dark gieen on upier hut light grwn on Ionnci surface, medium, 
slightly rough; shajK* cuneiform; pul»escencc downy on both surfaces: 
.">-iobed, jwtiolar sinus cup-shaped, other .sinuses clos(“<l .ihove hut oj)en below : 
teeth either narrow or broad ; terminal tooth long, narrow and broad ; ner\'e8 
thin, gieenish yelhiw with pink dots on lower surface hut purple near their 
[K)int of origin on upper surface, pubesc-ent ; st-alk thick, flattened, dark 
])urple with green streaks ; slightly pubesr ent . 

Flowers. — Hermaphrodite. 

Characters of the bunch. — Peduncle long, thick, tough ; bunches usually 
large, long, pyramidal, single, fairly compact ; ripening fairly even ; pedicel 
thick, medium-long and warty ; berries medium or large-sized, spherical : 
skin of light purple colour with blue bloom thick and leathery ; berry content 
firm, melting and sweet, quality good ; seed brownish green, well-developed, 
2-4 per berry. 

A medium cropper ; ripens from the end of June to the end of July. 

Black Hamburg 

Vines. — Vigorous. 

Shoots. — ^Medium thick, long, rough ; colour green : pubescence cob- 
webby ; intemodes short ; tendrils medium-long, slightly pubescent, trifid. 
intermittent ; tips of growing shoots yellowish green ; unfolding leaves 
greenish yellow, mai^;in pink, pubescence on both surfaces. 

Canes. — Purple, angular. 
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Leaves . — Dark green on xippet surface but light green on lower one, thick 
and rough ; shape cuneiform ; pubsoence downy on upper but felt-like on 
lower surface ; 5-lobed, ]>etiolar sinus well marked, cup-shaped, others well 
maiked, U-shaped ; teeth large, narrow and pointed ; terminal tooth very 
narrow, long and pointed ; nerves thick, greenish yellow with pink dots, 
strongly pubescent ; stalk medium-thick, medium-long, dark purple shades 
mixed with yellowish green, almost glabrous. 

Flowers. — Hermaphrodite. 

Characters of the bunch . — Peduncle medium-long, medium-thick, tough ; 
bunches medium or large-sized, long, pyramidal, single, usually loose ; ripen- 
ing even ; pedicel thin, long and warty ; berries medium or large-sized, 
spherical or short oval ; skin purple or dark purple with blue bloom, thick 
and leathery ; berry content separates in a mass from the skin, more juicy 
than Black Prince, sweet but flavour not as distinct as in the case of Black 
Prince ; seed dark-brown, well-developed, 1-2 per berry. 

A medium to heavy cropper ; ripens from the 3rd week of June to the 
end of July. 


Buckland's Sweet Water 

Vines . — Medium vigour. 

Shoots . — Medium-thick, medium-long, rough ; colour mostly green but 
dark purple lines also ; pubescence downy ; intemodes short ; tendrils, 
pubescent, medium-long, trifid, intermittent ; tips of growing shoots greenish 
yellow with brown shades ; young leaves greenish yellow, margin pinkish, 
pubescence on both surfaces. 

Canes. — ^Light brown but slightly smoky on one side, prominently an- 
gular. 

Leaves . — Dark green above but light green below, thick, and rough ; 
shape orbicular ; glabrous on both surfaces ; 5-lobed ; all sinuses well marked ; 
teeth broad and pointed ; terminal tooth narrow and pointed ; nerves thin, 
slightly pubescont, colour greenish yellow with pink dots ; stalk short, thin, 
slightly pubescent, colour light green with pink shades. 

Flowers. — Hermaplirodite. 

Characters of the bunch. — Peduncle long, medium-thick and tougli ; 
bunches medium to large-sized, long, pyramidal, divided, usually loose ; 
ripening even ; pedicel long, thick, warty ; berries medium to large-sized, 
short oval or spherical ; skin greenish yellow or pinkish yellow, medium - 
thin, cracking ; berry content a bit firm, melting and sweet ; quality good ; 
seed light black, 2-3 per berry, 

A medium cropper ; ripens from the middle of June to the middle of 
July. 

Chak 45 G. B. 

Vines. — Very vigorous. 

Shoots. — Thick, long and rough ; dark purple lines on green ; pubescence 
woolly ; internodes medium-long ; tendrils short, bi- or trifid, woolly, inter- 
mittent ; tips of growing shoots brownish yellow ; unfolding leaves yellowish 
green, margin pirJ^h, pubescence on both surfaces. 

Canes. — ^Light brown, angular, thick. 
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Leaves. — Dark green on upper surface but light green on lower one, 
medium-thick ; shape orbicular ; almost glabrous on both surfaces ; 5-lobed, 
petiolar sinus closed above but open below, other sinuses marked, XJ -shaped ; 
teeth small or large, narrow ; terminal tooth ])road and pointed ; nerves 
thick, pubescent, greenish yellow with pink shades ; stalk short-, thick, slightly 
})ul>escent, colour dark purple vdth creamy yellow shades. 

Flowers . — H ermaph rodite . 

Characters of the bunch. — ^Peduncle long, thin and tough ; bunches small, 
short, loose, single ; ripening even ; pedicel long, thick and warty ; berries 
large-sized, cylindrical ; skin yellowish green with white bloom, thick and 
cracking ; berry content pulpy, firm and mild sweet ; seed dark brown, 1-2 
per berry. 

A light cropper ; ripens about the end of July or the beginning of August. 

Chasselas Rose 

Vines. — Poor vigour. 

Shoots. — ^Thin, short to medium-long, rough ; greenish yellow ; pubes- 
cence downy ; internodes short ; tendrils short, trifid, pubescent, inter- 
mittent ; tips of growing shoots brownish green with purple colour at the 
nodes ; unfolding leaves reddish green, margin red, pubescence woolly on both 
surfaces. 

Canes. — Brown on one side and greyish yellow on the other, round. 

Leaves. — Bark green on upper surface but light green on lower one, thick ; 
shape orbicular ; pubescence downy on lower surface but glabrous on upper 
one ; 5-lobed, all sinuses well marked, V-shaped ; teeth broad, rounded at 
the top and pointed ; terminal tooth narrow and pointed : nerves thin, 
purple near their point of origin but purplish green above, pubescent ; stalk 
short, thin, pubescent, colour yellowish green with pink shades. 

Flowers. — Hermaphrodite. 

Characters of the bunch. — Peduncle short, thin or medium-thit^k, tough ; 
bunches small to medium-sized, long, shouldered, pyramidal, single, generally 
compact ; ripening fairly uniform ; pedicel short, medium -thick and warty ; 
berries small to medium-sized, spherical ; skin pink or pinkish green, thick, 
leathery ; berry content slightly pulpy, melting and sweet, flavour good ; 
seed dark brown, flattened shape, generally two per berry. 

A light to medium cropper ; ripens from the middle of June to the 3rd 
week of July. 

Chaouch 

Vines. — Very vigorous. 

Shoots. — ^Thick, very long, rough ; colour dark purple ; pubescence 
strongly woolly ; internodes long ; tendrils long, strongly pubescent, bifid, 
intermittent ; tips of growing shoots brownish green ; young leaves appear 
paper white on both surfaces due to strong pubescence, margin deep-red. 

Canes. — Purple, round, pubescence persisting. 

Leaves. — Green above but appear greenish white on lower surface due to 
strong pubescence, margin red ; shape cuneiform ; pubescence downy on 
upper but felt-like on lower surface ; 5-l(ibed, all sinuses well marked ; teeth 
either narrow or broad ; terminal tooth long, narrow and pointed, nerves 
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thick, dark purple near their point of origin but greenish yellow above, strongly 
woolly ; stalk fairly long, thick, deep* purple, strongly pubescent, 

Flowers. — Hermaphrodite. 

Characters of the hunch, — Peduncle short, thick, tough ; bunches generally 
large-sized, long, shouldered, pyramidal, single, compact ; ripening fairly 
even ; pedicel short, thick and warty ; berries large-sized generally, slightly 
oval ; skin yellowish green, medium-thick, cracking ; berry content soft, 
juicy, mild sweet ; seed brownish yellow, well developed, 3 to 4 per berry. 

A medium to heavy cropper ; ripens from the middle of June to the 
beginning of July. 

Gornichon 

Vines, — ^Vigorous. 

Shoots, — Medium-thick, medium-long and rough ; colour yellowish green 
with purple shades on the upper surface ; pubescence cobwebby ; intemodes 
medium-long ; tendrils long, trifid, slightly pubescent, intermittent ; tips of 
growdng shoots light green, pubescent ; unfolding leaves yellowish green, 
margin green, strongly pubescent on upper surface. 

Canes , — Smoky on purple back ground, angular. 

Leaves, — JJark green on upper but light green on lower surface, thick and 
rough ; shape orbicular ; glabrous on both surfaces ; 6-lobed, all sinuses 
well marked ; teeth mostly narrow and pointed ; leaf nerves thick, pinkish 
yellow, downy pubescence on both surfaces ; leaf stalk medium-thick, pink 
shades on green, slightly pnbcsciont. 

Flowers, — Hermaf)hrodite. 

Characters of the bunch. — Peduncle short, medium-thick and tough ; 
bunches medium-sized, broad, divided, loose and uneven ; pedicel long, thick 
and warty ; berries medium-sized, long, ovoid ; skin pink, thick and leathery ; 
berry content puply, with flat taste ; seeds dark brown, 2-3 per berry. 

A very light cropper ; ripens about the end of July. 

Cipro Nero 

Vines , — ^Very vigorous. 

Shoots, — Thick, long, rough ; colour dark purple having yellowish green 
streaks or patches ; pubescence dowmy ; internodes medium-long ; tendrils 
long, trifid, pubescent, discontinuous ; tips of growing shoots brownish 
green ; young leaves yellowish green, margin pink, pubescence on both sur- 
faces. 

Canes, — Purple, angular. 

Leaves, — ^Dark green on upper but light green on lower surface, thick, 
rough ; shape cuneiform ; pubescence downy on both surfaces ; 5-lobed, 
petiolar sinus well marked, cup-shaped, other sinuses also well marked ; 
teeth broad or very broad, terminal tooth also broad. Nerves creamy yellow 
with pink shades but purple near their point of origin, second laterals more 
purple than others, medium-thick, pubescent ; stalk thick, short, purple with 
green shades, pubescent. 

Flowers . — ^Hermaphrodite . 

Characters of the bunch , — Peduncle short, thick, tough ; bunches medium 
or large-sized, long, pyrarniidal, single, fairly loose ; ripening fairly even but 
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colour of berries does not change uniformly ; pedicel, medium-long, medium- 
thick and warty ; berries medium-sized, oval ; skin light purple or purple, 
thick and cracking ; berry content melting and sweet ; flavour pleasant ; 
seeds dark brown, 2-3 ]^r berry. 

A light cropper ; ripens about the middle of July. 

Dakh 

Vines. — Very vigorous. 

Shoots. — ^Long, thick and rough ; colour dark purple, pubescence woolly : 
internodes medium-long ; tendrils medium-long, strongly woolly, bifid and 
intermittent ; tips of growing shoots brownish green, densely pubescent, 
unfolding leaves greenish yellow with red margins, pubescence woolly. 

Canes. — ^Brown on one side and greyish yellow on the other, angular. 

Leaves. — Dark green on the upper surface but light green below, thick 
and rough ; shape orbicular, downy on the upper but felt-hke on the lower 
surface ; 6-lobed, petiolar sinus closed above but open below, lateral sinuses 
open, U-shaped, basal sinuses slightly open ; teeth narrow, long and pointed, 
small and large ones irregularly alternating ; terminal tooth very long, narrow 
and pointed ; leaf nerves densely pubescent, medium-thick, purple on both 
sides — ^the intensity of colour decreasing towards the apex ; leaf stalk thin 
short and dark purple, pubescence downy. 

Flowers. — Hermaphrodite. 

Characters of the fmnch. — Peduncle short, thicsk and tough ; bunches 
medium, long, ]:)yraraidal, single or divided, compact and even ; pedicel short, 
ttiick and warty; berries medium-sized, usually spherical, skin black with 
blue bloom, thick and leathery ; berry content juicy and fairly acidic ; seeds 
2-3 per berry, but sometimes more. 

A very heavy bearing variety, good for juice making ; ripens from the 
t hird week of June to the third week of July. 

Damas Rose 

Vines. — Very vigorous. 

Shoots. — Medium-thick, long and rough ; bluish-red lines on green ; 
pubescence cobwebby ; intemodes medium-long ; tendrils medium-long, 
trifid, pubescent, intermittent ; tips of growing shoots reddish green, pubes- 
cent ; unfolding leaves yellowish green, margin light pink, dense pubescence 
on both surfaces. 

Carves. — Light brown but slightly smoky on one side, prominently 
angular. 

Leaves. — Dark green on upper but light green on lower surface, thick and 
rough ; shape orbicular ; pubescence downy on upper but felt-like on lower 
surface ; 6-lobed, all sinuses well marked ; teeth in two series, small and large 
ones irregularly alternating, terminal tooth broad and pointed ; nerves 
medium-thick, greenish-yellow with light pink shades ; leaf stalk short and 
thick, colour comprises mixed light pmple and yellowish green shades, slightly 
pubescent. 

Flowers. — Hermaphrodite. 

Characters of the bunch. — Peduncle medium-thick, medium-long and 
fairly tough ; bunches medium or large-sized, pyramidal, single and fairly 
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compact ; ripening fairly even ; pedicel medium-long, thick and warty ; 
berries large-sized — larger than all other varieties ; shape spherical ; skin 
light rose coloured, medium -thick and cracking ; beiry content a bit firm, 
melting juicy and sweet ; quality good ; seeds 2-5 per berry but not well- 
developed. 

A light to medium cropper ; rif>ens from the middle of July to the first 
week of August. 

Danugue 

Vines. — Very vigorous. 

Shoots. — Thick, long, rough ; colour dark purple in patches or lines on 
green ; pubescence cobwebby ; internodes long ; tendrils long, trifid, pubes- 
cent, intermittent ; tips of growing shoots reddish or brownish green ; young 
leaves yellowish green, margin purple, pubescent. 

Canes, — Brown on one side and greyish yellow on the other, angular. 

Leaves. — ^Dark purple on upper but light green on under surface, thick ; 
shape cuneiform, almost glabrous on both surfaces, 5-lobed, petiolar sinus 
cup-shaped and other sinuses open and well-marked ; teeth broad and narrow ; 
terminal tooth long, narrow and pointed ; nerves thick, yellowish green, 
slightly pubescent ; stalk short, thick, greenish yellow with pink dots, almost 
glabrous. 

Flowers. — Hermaphrodite. 

Characters of the bunch. — Peduncle short, thick and fairly brittle ; bunches 
medium or large-sized, short or long, pyramidal, single, fairly compact ; 
ripening fairly uneven ; pedicel medium-long, medium-thick and warty ; 
berries medium to large-sized, spherical ; skin light pink to dark purple, 
thick and cracking ; berry content a bit firm, melting and sweet ; seeds dark 
brown, 2-3 per berry. 

A light to medium cropper ; ripens in the month of July. 

Diamond Jubilee 

V ines . — V igoro us . 

Shoots. — Medium-long, thick, angular and rough ; colour dark purple, 
pubescence wooly ; internodes medium-long ; tendrils short, wooly, mostly 
bifid, intermittent ; tips of growing shoots purple with dense pubescence ; 
unfolding leaves light purple offering white shade due to dense pubescence, 
margin pink. 

Canes . — Brown on one side and greyish yellow on the other, angular. 

Leaves. — Dark green on upper surface but light green on lower one, 
thick and rough ; shape orbicular ; pubescence downy on upper but felt- 
like on the lower surface ; 6-lobed, petiolar sinus closed above due to basal 
lobes but prominent, other sinuses less marked ; teeth in two series — small 
ones alternating with big, broad, rounded ones ; leaf nerves prominent on 
lower surface, densely pubescent, colour creamy yellow but red near their 
point of origin upto a length of about half an inch ; leaf stalk reddish purple, 
short, thick and pubescent. 

Flowers . — Hermaphrodite . 

Characters of the bunch . — Peduncle medium-long, thick and brittle ; 
bunches small to medium-sized, short or long, mostly divided, loose and even ; 
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pedicel long, thick and warty ; berries large, short oval or spherical ; skin 
medium-thick, black with blue bloom, cracking ; berry content firm, pulpy, 
insipid ; quality poor ; seeds two to three per berry, well developed and of 
green colour. 

A medium cropper ; ripens from the beginning to the end of July. 

Dizmar 

V vms . — V igorous . 

Shoots, — Thick, long and smooth ; dark purple lines on green ; pubes- 
cence downy ; internodes medium-long ; tendrils medium-long, trifid, pubes- 
cent, discontinuous ; tips of growing shoots purplish green ; unfolding leaves 
greenish yellow offering pink sliade, margin pink, pnbesc^ent on both sur- 
faces. 

Ganes, — Light brown, angular. 

Leaves , — Dark gi*een on upper but light green on lower surface, thick 
and rough ; shape orbicular ; leaves glabrous on upper surfacie but downy 
on lower one ; 5-lobed, f)ctiolar sinus o|3en, other sinuses also well marked; teeth 
broad or very broad, terminal tooth narrow ; nerves thin, colour creamy 
yellow with pink shades, slightly pubescent ; ])etiole purple with green sliades, 
thin, short, slightly pubescent. 

Flowers. —Hermaphrodite. 

Characters of the bunch , — Peduncle long, thin and tougli ; bunches medium- 
sized, long, pyramidal, single, loose ; ripening even ; pedi(*el medium-long, 
medium-thick, warty ; berries medium -sized, oval ; skin pinkish or brownish 
yellow, thick and cracking ; berry content quite firm, pulpy and sweet ; 
seed brow^n, 1-2 per berry. 

A light cropper ; ripens from the middle of June to the beginning of 
July. 

Doite-de-dessie 

Vines , — Of medium vigour, 

—Thick, medium-long, rough; colour green; pubescence cob- 
webby ; internodes medium-long ; tendrils short, trifid, slightly pubescent, 
discontinuous ; tips of growing shoots greenish yellow^ ; unfolding leavers 
greenish yellow, margin red, pubescent on both surfaces. 

Causes . — Light brown but slightly smoky on one side, })rominently an- 
gular. 

Leaves, — Dark gieen on upper but light green on low er surface thick and 
rough ; shape cuneiform ; almost glabrous ; 5-lobed. all sinuses well marked ; 
teeth narrow^ or broad, long and pointed ; terminal tooth very long, narrow 
and pointed : nerves thick, creamy yellow^ with pink shades, pubescent ; 
stalk short, thick, yellowish green with pink shades, slightly ])ubescont. 

Flowers , — Hermaphrodite. 

Characters of the bunch , — Peduncle medium-long, medium-thick, brittle ; 
bunches medium, short, single or divided, fairly loose, even ; pedicel long 
thick and warty ; berries medium or large, obovate, skiji greenish yellow 
with white bloom, thick and brittle : berry content pulpy, firm and sweet, 
good flavour ; fairly good quality ; seeds small, dark brown, 1-2 per berry. 

A very light cropper ; ripens about the end of July. 
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Fakadi 


— Very vigorous. 

Shoots. — thick, long, rougli ; dark purple lines on green ; pubescence 
woolly ; internodes medium-long ; tendrils long, bi- or trifid, pubescent, inter- 
mittent ; tips of growing shoots yellowish green ; unfolding leaves yellowish 
green, margin red, pubescence on both surfaces. 

Canes. — Purple, angular. 

Leaves, — Dark green above, but light green on the lower surface, thin ; 
shape orbicular ; pubescence downy on upper surface but glabrous on lower 
surface ; 3-lobed, petiolar sinus well marked, lateral sinuses less marked ; 
small teeth regularly alternating with large, broad and pointed ones ; terminal 
tooth narrow and pointed ; nerves thin, greenish yellow with pink dots, 
j)iibescent ; stalk short, tliin, light |>urf)le with green shades, sb’ghtly pubes- 
(*ent. 

Flowers. — Hermaplirodite. 

Characters of the bimch. — Peduncle long, thick and brittle ; bunches 
usually large-sized, long, pyramidal, single, very loose ; ripening uniform ; 
short berries found in almost every bunch ; pedicel long, medium-thick and 
warty ; berries medium -sized, oval ; skin yellowish green, thick and crack- 
ing ; berry content juicy, mild sweet, no flavour ; seed dark brown, small 
sized, 2-4 per berry. 

A heavy cropper ; ripens from the beginning to the end of July. 

Foster\H Seedling 

Vines. — Of poor to medium vigour. 

Shoots. — ^Medium-thick, short to medium-long, rough ; colour mostly 
green but sometimes dark purple bands on nodes and lines on intemodes ; 
almost glabrous ; internodes medium-long ; tendrils medium-long, bifid, 
almost glabrous, intermittent ; tips of growing shoots greenish yellow, un- 
folding leaves pinkish green, margin green, no pubescence. 

Canes. — Purple, round. 

Leaves. — Dark green on upper but light green on lower surface, thick 
and rough ; shape orbicular ; almost glabrous on both surfaces ; 3-lobed, 
])etiolar sinus almost closed, lateral sinuses slightly marked ; teeth small or 
large, broad, rounded ; terminal tooth long aaid narrow ; nerves medium - 
thick, pinkish yellow, pubescent on lower surface ; stalk long, thick, slightly 
l)ubescent, colour yellowish green with purple shades. 

Flowers . — Hermaphrodite. 

Characters of the bunch. — Peduncle medium-long, thick, fairly brittle ; 
bunches medium or large-sized, long, pyramidal, generally single, loose, shot 
berries in the bunch characteristic of the variety ; ripening fairly even ; 
pedicel long, medium-thick, warty ; berries medium-sized, spherical ; skin 
yellowish green, thick, leathery ; berry content firm, slightly pulpy but 
melting ; very sweet, excellent flavour ; one of the best varieties under 
trial ; seed dark brown, 2-4 per berry. 

A medium to heavy cropper ; ripens from the middle of June to the 
beginning of July. 



IV] 


GRAPE VINE VARIETIES 


569 


Odtak 

Vines. — Very vigorous. 

Shoots. — ^Thick, long, rough ; colour bluish red and green mixed in 
patches ; pubescence cobwebby ; internodes medium-long ; tendrils pubes- 
cent, medium-long ; bifid, intermittent ; tips of growing shoots green ; 
young leaves greenish yellow, margins reddish green but sinuses red tinged, 
pube^ent. 

Canes. — Light brown but slightly smoky on one side, prominently an- 
gular. 

Leaves . — Dark green on upper but light green on lower surface, medium- 
thick and rough ; shape cuneiform ; almost glabrous on both surfaces ; 
6-lobed, petiolar sinus open and well marked but lateral and l^aisal sinuses 
not well marked ; teeth large, broad, rounded and pointed ; termnal tooth 
broad, rounded and pointed ; nerves thin, greenish yellow, slightly pubescent, 
lateral nerves red near their origin ; stalk short, thick, j)ink, slightly pubes- 
cent. 

Flowers . — Hermaphrodite . 

Characters of the, bunch. — Peduncle short, thick, fairly brittle ; bunches 
medium, short, pyramidal, single, fairly loose, even ; pedicel short, thick and 
warty ; berries medium -sized, spherical with deep depression at stigma-end 
that changes the shape to irregular ; skin thick, cracking and of pale yellow 
colour ; berry content a bit firm, melting and sweet, hollow around the seed ; 
seeds brown, 1-2 per berry. 

A very light cropper ; ripens about the middle of July. 

Oros Colman 

Vines. — ^Vigorous. 

Shoots. — Medium -long, medium-thick and rough ; growing habit erect ; 
colour purple ; pu escence wooly ; internodes long ; tendrils long, bifid, 
strongly pubescent and intermittent ; tips of growing shoots light purple to 
brovmish and densely pubescent ; unfolding leaves appearing white due to 
dense pubescence, margins light green. 

Canes. — Smoky on purple back-ground, round. 

Leaves. — Dark green on upper but light green looking whitish due to 
pubescence on lower surface, thick and rough ; shape orbicular ; pubescence 
on both surfaces, downy above but felt-like below ; 3-lobed or almost entire, 
petiolar sinus closed above by basal lobes but open below, other sinuses not 
marked ; teeth slightly narrow, rounded and pointed ; terminal tooth narrow 
but round and pointed above ; nerves creamy yellow in colom’, prominent, 
thick and strongly pubescent ; second lateral nerves red upto the point from 
where tertiary nerves arise out of them , leaf stalk short, thick, light pur})k‘ 
and pubescent. 

Flowers. — Hermaphrodite. 

Characters of the bunch. — ^Peduncle medium-long, thin and fairly tough ; 
bunches small, short, loose and single ; ripening fairly even ; pedicel short, 
thick and warty ; berries medium to large-sized ; shape spherical ; skin 
thick, cracking and dark purple changing to bluish black ; berry content 
firm and sweet ; seeds 3-4 per berry and well developed. 
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A medium to heavy cropper ; ripens from the third week of July to the 
2nd week of August. 

Gros Sapat 

Vines , — ^Poor to medium in vigour. 

Shoots, — ^medium -long, medium-thick and lough; colour brownish 
yellow ; pubescence cobwebby ; internodes medium-long ; tendrils small, 
bifid, pubescent and intermittent ; tips of growing shoots yellowish green, 
slightl pubescent : unfolding leaves greenish yellow, pubescent on both 
surfaces, margin pink. 

Cane ^, — Smoky on purj)le back ground, round. 

LeAives . — Dark green on upper but light green on under surface, thin and 
rougli ; shape orbicular ; pubescence downy on upper but felt-like on lower 
surfaces ; 5-lobed, petiolar sinus closed above by basal lobes but open below, 
basal sinus(‘s less marked than lateral ones ; teeth narrow and pointed, small 
and big ones irregularly arranged, terminal tooth long, veiy narrow and 
pointed ; nerves thin, brownish pale green, strongly pubescent, main and 
lateral nerves changing red at their tips ; leaf stalk greenish yellow with pink 
shades, short, medium and pubescent. 

Flowers . — Hermaphrodite . 

Characters of the bunch , — Peduncle short, medium-thick and tough ; 
bunches medium to large-sized, long, pyramidal, single, fairly compact ; 
ripening fairly even ; pedicel long, thin and warty ; berries medium to large- 
sized, spherical ; skin dark purple changing black, thin and leathery ; berry 
content separating in a mass from the skin, a bit acidic ; quality fair ; seeds 
2-3 per berry. 

A medium cropper ; ripens from the middle of June to the middle of 
July. 

Oreen Large Seeded 

Vines, — ^Vigorous. 

Shoots, — Thick, long and rough ; dark purple lines on green ; pubescences 
cobwebby; internodes medium-long; tendrils medium-long, bifid, slightly 
pubescent, intermittent ; tips of growing shoots brownish green : unfolding 
leaves yellowish green, margin pink, slightly pubescent. 

Canes. -Light brown, angular. 

Leaves , — Dark green on upper surface but light green an lower one, 
thin and soft ; shape orbicular ; no pubescence on either surface ; 5-lobed ; 
teeth narrow, small and big ones irregularly alternating ; terminal tooth long, 
narrow and pointed ; nerves medium-thick, greenish yellow with pink dots, 
slightly pubescent ; stalk medium-thick, short, colour yellowish green with 
pink shades, glabrous. 

Flowers, — Hermaphrodite . 

Characters of the bunch. — Pedune’e short or medium -long, thick and 
brittle ; bunches medium to large-sized, long, pyramidal, single, fairly com- 
pact ; ripening uniform ; pedicel short, thick, warty ; berries large-sized, 
long oval ; skin yellowish green, medium-thick, cracking ; berry content a 
bit firm, melting and sweet ; seed colour brown, size well developed, 21- 
per berry. 

A very light cropper ; ripens about the second week of July. 
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G/ujramoala 

Vines. — Vigorous. 

Shoots. — Long, thick, rough ; colour green ; pubescence wooly ; inter- 
nodes medium-long ; tendrils medium-long, bifid or trifid, pubescent, inter- 
mittent ; tips of growing shoots yellowish green ; unfolding leaves greenish 
yellow, margin pinkish, pubescence on both surfaces. 

Canes. — Purplish, angular. 

Leaves. — Light green on upper surface but yellowish green on lower one, 
thick and rough ; shape orbicular ; glabrous on both surfaces ; 6-lobed, 
petiolar sinus closed above but open below, basal sinuses less marked, ¥• 
shaped, lateral sinuses open, U-shaped ; teeth large, broad, rounded and 
pointed ; terminal tooth long, narrow and pointed ; leaf nerves thin, slightly 
pubescent, pinkish yellow ; stalk short, thin, pinkish yellow, almost glabrous. 

Flowers. — Hermaphrodite. 

Characters of the bunch. — Peduncle medium-long, medium-thick, tough ; 
bunches small or medium-sized, single, very loose ; ripening uniform ; pedfcel 
long, thick and warty ; berries large-sized, cylindrical ; skin thin, yellow ; 
berry content slightly pulpy melting and sweet ; flavour not marked ; seed 
colour light brown, 1-2 per berry. 

A very light cropper ; ripens about the middle of June. 

Hur 

Vinefi . — ^Very vigorous. 

Shoots. Thick, long and rough ; colour mostly dark purple ; pubescence 
cobwebby ; intemodes medium-long ; tendrils medium-long, bi- or trifid 
slightly pubescent, intermittent ; tips of growing shoots greenish purple ; 
young leaves brownish green with deep red margins, slightly pubescent. 

Canes. Light brown but slightly smoky on one side, prominently an- 
gular. 

Leaves . — ^Dark green on upper but light green on lower surface, thin, 
rough ; shape cuneiform ; pubescence downy on upper but felt-like on lower 
surfaci' : 3-lobed, petiolar sinus well marked, open and cup-shaped, lateral 
sinuses V-shaped, basal sinuses very slightly marked ; teeth irregularly alter- 
nating, mostly broad, rounded and pointed, terminal tooth medium or broad 
and pointed ; nerves thin, greenish yellow, felt-like pubescence on lower 
surface, lateral nerves purple near their point of origin ; stalk short, thin, 
dark purple, not pubescent to the unaided eye. 

Flowers — Hermaphrodite. 

Characters of the bunch . — Peduncle long, thick and tough ; bimches 
medium or large-sized, long or broad, shouldered, usually single, fairly com- 
pact ; ripening even ; pedicel long, thick and warty ; berries medium to 
large-sized, short oval ; skin thin, cracking, of greenish yellow colour on which 
reddish brown shades develop ; berry content a bit firm, melting, sweet 
and of good flavour ; seeds well developed, of brownish yellow colour, 1-2 
per berry. 

A medium cropper ; ripens about the middle of July. 
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Huaaaini Black Kabuli 


V incs . — ery vigorous . 

Shoots. — ^Thick, long and rough ; dark purple streaks on green ; pubes- 
cence woolly ; intemodes medium-long ; tendrils medium-long, pubescent, 
bi- or trifid, intermittent ; tips of growing shoots yellowish green, pubescent ; 
unfolding leaves yellowish green with pink margin, white shade on both sur- 
faces due to dense pubescence, changing purple later. 

Canes. — Light brown but slightly smoky on one side, prominently an- 
gular. 

Ircavea.— Dark green on upper but light green on lower srrface, thick and 
rough ; shape cuneiform to orbicular ; pubescence downy on upper but 
felt-like on lower surface; leaves without lobes but sometimes one or both 
lateral sinuses develop ; teeth in two series, small ones alternating with bigger 
ones, narrow or broad but are generally narrow ; leaf nerves medium-thick, 
pinkish-yellow with green shades and pubescent, second lateral nerves of 
purple colour on both surfaces upto the point where tertiary nerves arise ; 
leaf-stalks thick, pubescent and have purple and green shades on them. 

Flowers. — Hermaphrodite. 

Characters of the bunch. — ^Peduncle medium-long, thick and tough ; 
bunches medium-sized usually, long or short, divided, fairly loose and uneven ; 
pedicel short, thick and warty ; berries large and spherical ; skin black with 
blue bloom, thick and cracking ; berry content firm, pulpy and sweet; quality 
fair ; seed content 2-3 per berry, colour light brown. 

A light to medium cropper ; ripens from the end of June to the end of 
July, 


lorva 


Vines. — Of poor vigour. 

(SAoote.— Thin, short and rough ; colour green ; pubescence woolly ; in- 
ternodes short ; tendrills short, bi- or trifid, pubescent, intermittent • tips of 
growmg shoots brownish green ; young leaves greenish white, margin green 
lower surface pubescent. ® ’ 

Canes. — Smoky angular bark peeling off. 

Leaves.— D&rk green above but light green on lower surface, thick, rough • 
shape cuneiform ; pubescence downy on upper but felt-like on lower surface • 
5-lobed ; petiolar sinus cup-shaped, others V-shaped ; teeth large, rounded 
and pointed ; terminal tooth narrow and pointed ; nerves thin, colour purplish 
near their point of origin but brownish or creamy yeUow above, densely 

do^^”* ’ yeUowish shades, pubescent 

Flowers. — Hermaphrodite . 

Characters of the Peduncle short, medium-thick, tough : bunches 

medium swed, long, pyramidal, single, fairly loose or compact ; ripening 
even ; pedicel short, medium-thick and warty ; berries medium-sized, sph^cal • 
skm pu^le, thick and leathery ; berry content a bit pulpy, melting and sweet! 
mango flavour ; seed dark brown, 2-3 per berry. 

A very light cropper ; ripens about the middle of July. 
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Jaishi 

Vines, — ^Vigorous* 

Shoots. — ^Thick, long and rough ; colour dark purple on upper but green 
on lower surface ; pubescence woolly ; intemodes long ; tendrils very long, 
bi- or trifid, woolly, intermittent ; tips of growing shoots greenish white, un- 
folding leaves yellowish green, margins dark-red, woolly. 

Canes. — ^Purple, angular, pubescence persisting. 

Leaves. — Dark green on upper but light green on lower surface, thick and 
rough ; shape orbicular ; pubescence downy on upper but felt-like on lower 
surface ; 6-lobed, petiolar sinus closed above but open below, basal sinuses 
V-shaped but lateral ones W-shaped ; small teeth regularly alternating with 
broad, roimded and pointed ones ; nerves thin, pinkish at the base, densely 
woolly ; leaf stalk short, medium-thick, purplish, densely pubescent. 

Flower. — Hermaphrodite . 

Characters of the bunch. — Peduncle long, medium-thick and tough ; 
bunches medium to large-sized, long, shouldered, pyramidal, usually single, 
generally compact ; ripening fairly even ; pedicel medium-long, thick and 
warty ; berries medium-sized, oval ; skin greenish yellow on which brown 
shades develop, thick and cracking ; berry content juicy, a bit acidic ; quality 
inferior ; seeds of pinkish colour, usually 1-2 per berry. 

A light to medium cropper ; ripens from the third week of June to the 
third week of July. 

Kali Sahebi 

V ines . — igorous . 

Shoots. — Medium -thick, medium-long, rough ; dark purple streaks on 
green ; pubescence cobwebby ; intemodes medium-long ; tendrills short, 
bi- or trifid, slightly pubescent, intermittent ; tips of growing shoots brownish 
yellow ; young leaves greenish yellow with red margins, slightly pubescent on 
both surfaces. 

Canes. — Purple, angular. 

Leaves. — Light green on upper but yellowish green on lower surface, 
thick, rough ; shape orbicular ; almost glabrous on both surfaces ; 6-lobed, 
petiolar sinus almost closed other sinuses well marked, U-shaped ; teeth large, 
broad, rounded and pointed ; terminal tooth long, very narrow and pointed ; 
nerves medium, creamy yellow with pink dots, slightly pubescent ; stalk short 
medium-thick, almost glabrous, creamy yellow with purple shades. 

Flowers. — Hermaphrodite. 

Characters of the bunch. — Peduncle long, medium-thick, fairly brittle ; 
bunches medium-sized, long, pyramidal, single, fairly loose ; ripening fairly 
even ; pedicel long, medium -thick and warty ; berries large-sized, long (1 -4 in.) ; 
shape irregular ; skin light purple, thin, cracking ; berry content firm, pulpy 
and sweet, flavour lacking ; seed colour brown, 1-2 well developed see^ per 
berry. 

A very light cropper ; ripens in the beginning of August. 

Kandhari 

Vines. — ^Very vigorous. 

Shoots. — ^Thiok, long and rough ; colour light green ; pubescence cob- 
webby ; intemodes medium-long ; tendrils long, slightly pubescent, bi- or 
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trifid, intermittent ; tips of growing shoots brownish green ; unfolding leaves 
yellowish green, pubescent, margins pink. 

Canes, — Brown on one side and greyish white on the other, thick and 
vigorous. 

Leaves, — ^Dark green on upper but light green on lower surface, thick ; 
shape orbicular ; glabrous on both surfaces ; 6-lobed, basal sinuses less marked 
than others ; teeth large, broad and pointed ; terminal tooth narrow ; nerves 
thin, pubescent, yellowish green with pink shades, second laterals pinkish 
on both surfaces upto the point where the tertiary nerves arise ; stalk short, 
thick, greenish yellow, glabrous. 

Flowers. — Hermaphrodite. 

Characters of the bunch, — Peduncle long, thick and tough ; bunches 
usually large-sized, loose or compact, pyramidal, single ; ripening fairly 
even ; pedicel long, thich and warty ; berries big-sized, long-oval ; skin purple, 
thick and cracking ; berry content sweet ; seeds well developed, 2-3 per 
berry. 

A medium cropper ; ripens from the middle of June to the middle of 
July. 

Kartilaska 

Vines. — Very vigorous. 

Shoots. — ^Thick, medium-long and rough ; dark purple lines on green back 
ground ; pubescence woolly ; internodes medium-long ; tendrils short, trifid, 
intermittent, strongly pubescent ; tips of growing shoots reddish green, look- 
ing white due to strong pubescence ; unfolding leaves reddish green, woolly, 
margins red. 

Canes. — ^Purple, angular, pubescence persistent. 

Leaves. — ^Dark green on upper but light green on under surface, thick 
and rough ; shape orbicular ; pubescence downy on both upper and lower 
surfaces ; 3-lobed, petiolar sinus well marked, U-shaped, lateral sinuses also 
clear, U-shaped ; teeth broad and pointed, small and big ones irregularly 
alternating ; nerves medium-thick, strongly pubescent, second lateral nerves 
red near their point of origin, but greenish yellow with pink shades above ; 
stalk short, thick and pubescent. 

Flowers. — Hermaphrodite. 

Characters of the bunch. — Peduncle medium-thick and tough ; bunches 
mediun or large-sized, long, pyramidal, single, fairly compact ; ripening even ; 
pedicel long, medium thick and warty ; berries medium or large-sized, spheri- 
cal ; skin greenish yellow with white bloom, thick and cracking ; berry content 
firm, pulpy, mild sweet with no flavour, seeds of brown colour, 2-3 per berry. 

A light to medium cropper ; ripens from the second week of July to the 
beginning of August. 

Khalili 

Vines. — Vigorous. 

Shoots. — Mostly thin, long, rough ; colour dark purple in patches or 
streaks on yellowish green ; pubescence downy on both surfaces ; intemodes 
medum-lon g ; tendrills long, bifid, pubescent, intermittent ; tips of growing 
shoots brownish green, pubescent ; young leaves yellowish green margin 
pink, pubescent. 
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Canea . — Smoky on one side and brown on the other, angular, bark peeling 
off. 

Leaves . — Dark green on upper but light green on lower surface, thin, 
soft; shape cuneiform ; pubescence downy on both surfaces ; 5-lobed, petriolar 
sinus well marked, basal sinuses less marked than lateral ones ; nerves thin, 
greenish yellow with pink dots, pubescent ; stalk short, thin, dark purple, 
slightly pubescent. 

Flowers . — Hermaphrodite . 

Characters of the bunch . — Peduncle medium -long, thin, tough ; bunches 
small or mediun-sized, long, pyramidal, divided, loose, rii)ening even ; pedicel 
long, thin and smooth ; berries medium-sized, long-oval ; skin yellowish 
green with white bloom, thin and cracking ; flesh soft, sweet but flavour 
not marked ; seed brownish yellow, 1-2 per berry. 

A light cropper ; ripens in the beginning of June. 

Kharimurat 

V mes . — V igorous . 

Shoots. — Thick, medium-long, rough ; dark purple shades on green ; 
pubescence densely woolly ; internodes medium-long ; tendrils short, hi- or 
trifid, Woolly, intermittent ; tips of growing shoots brownish green ; young 
unfolding leaves greenish yellow, pubescent on both surfaces, margin greenish 
yellow. 

Canes . — Brown on one side and greyish yellow^ on the other, angular. 

Leaves . — Dark green on upper but light green on low^er surface, thick ; 
shape orbicular ; pubescence downy on lower surface but glabrous above ; 
5-lobed, petiolar sinus closed above but open below^ ; basal sinuses less marked 
than lateral ones ; teeth narrow ; terminal tooth narrow^ and pointed ; nerves 
thin, greenish yellow with pink dots, pubesc^ent ; stalk short, thin, purple 
coloured with light green shades, pubescent. 

Flowers . — H er rna phrodite . 

Characters of the bunch . — Peduncle long, medium-thick, tough, bunches 
medium sized, long, cylindrical, loose ; pedicel long, thick and warty ; berries 
large-sized, long oval, spherical ; colour green ; berry (content firm, pulpy 
and sweet but no flavour ; seed brownish yellow, 1-2 per berry. 

A light cropper ; ripens from the beginning to the end of July. 

Kishmish White 

V ines . — V igorous . 

Shoots. — Thick, long, rough ; colour bluish red and green in patches : 
pubescence cobwebby or downy ; internodes medium-long ; tendrils medium 
long, pubescent, bifid, intermittent ; tips of growing shoots yellow ish green ; 
young leaves greenish yellow, margin tinted pink ; pubescent slightly. 

Canes . — Light brown but slightly smoky on one side, prominentlj" 
angular. 

Leaves . — Dark green on upper but light green on lower surface, thick ; 
shape cuneiform ; almost glabrous ; 5-lobed, all sinuses equally w^ell marked ; 
teeth broad, rounded and pointed ; terminal tooth narrow and pointed ; 
nerves greenish yellow with pink shades, pubescent ; stalk pink, short, thick, 
slightly pubescent. 
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FUnoera . — ^Hermaphrodite. 

Charactera of the hunch. — ^Pedimcle medium-long, thick and brittle, 
bunches medium-sized, long, shouldered, pyramidal, single, compact, even; 
pedicels short, thick and warty ; berries medium-sized, oval ; sMn greenish 
yellow with brown or pink shades, thin, cracking ; berry content juicy, sweet 
and of good flavour ; seeds well developed, brownish yellow, usually one per 
berry. 

A light cropper ; ripens about the middle of June. 

Luglinga 

Vinea. — Of poor vigour. 

Shoota. — Thin, short, rough ; colour green ; pubescence downy ; inter* 
nodes medium-long ; tendrils short, pubescent, bi- or trifid, intermittent ; 
tips of growing shoots reddish green ; young leaves greenish yellow offering 
pink shades, margin red, slightly pubescent. 

Canea. — Smoky, round. 

Leavea, — Dark green on upper but light green on lower surface, thick, 
rough ; shape coneiform ; pubescence downy on both surfaces ; 6-lobed, 
petiolar sinus very broad and open, basal sinuses slightly marked but lateral 
ones well marked ; teeth large, broad and pointed ; terminal tooth long, 
narrow and pointed ; nerves thin, greenish yellow with pink shades, woolly ; 
stalk short, thin, green and brown shades, slightly pubescent. 

Flowera. — ^Hermaphrodite. 

Charactera of the bunch. — Peduncle short, thick and tough ; bunches 
small, single, compact, shouldered ; ripening even ; pedicels short, thick 
and warty ; berries medium-sized, short oval ; skin yellowish green with 
brown shades, medium-thick and cracking ; berry content juicy and sweet ; 
berries yellowish brown, 1-3 per berry. 

A light cropper ; ripens about the middle of June. 

Madeleine Angevine 

Viuea . — Of medium vigour. 

Shoota. — Medium-thick, long, rough ; colour purple ; pubescence woolly ; 
intemodes short ; tendrils medium-long, bi- or trifid, woolly, intermittent ; 
tips of growing shoots greenish purple changing entirely purple ; young leaves 
yellowish green, margin tinted red, pubescence on both surfaces. 

Canea , — Smoky, angular, bark peeling off. 

Leavea. — Dark green on upper but light green on lower surface, thick 
and rough ; shape cuneiform ; pubescence felt-like on both surfaces ; 6-lobed, 
all sinuses weU marked and U-shaped ; teeth long, narrow and pointed ; ter- 
minal tooth long, very narrow and pointed ; nerves thin, strongly woolly, 
colour purplish green but purple near their point of origin ; stalk short, thin, 
dark purple, strongly pubescent. 

Flowera. — Hermaphrodite. 

Charactera of the bunch. — Peduncle medium-long, medium-thick, tough ; 
bunches small to medium-sized, short, pyramidal, divided, loose ; ripening 
even ; pedical short, thick and warty ; berries medium -sized, spherical ; skin 
yellowish green, medium-thick and leathery ; berry content soft, melting, 
juicy ; berries translucent ; seed brownish yellow to light black, well developed, 
2-4 per berry 
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A light to medium cropper ; ripens about the first week of June and is 
the earliest ripening variety under trial. 

Madresfidd Court 

Vines, — ^Very poor vigour. 

Shoots, — ^Thin or medium-thick, very short and rough ; bluish pink 
shades on green ; pubescence woolly ; intemodes short ; tendrils very short, 
bifid, woolly and intermittent ; tips of growing shoots pinkish green, densely 
pubescent ; unfolding leaves yellowish white, densely pubescent on both 
sides. 

Canes, — Smoky, angular, pubescence persisting. 

Leaves. — Darker green on upper than on lower surface, thick and rough ; 
shape orbicular : pubescence downy on upper but felt-like on lower surface ; 
5-lobed, petiolar sinus closed above by basal lobes but prominently open 
below, other sinuses less marked and V-shaped ; teeth narrow, long and 
pointed ; terminal tooth very narrow, long and pointed ; leaf nerves densely 
pubescent, red near their places of origin and of light green colour having 
pinkish tinge, leaf stalk short, red and woolly. 

Flowers, — Hermaplirodite . 

Characters of the bunch. — Peduncle short, thick, tough, without a lateral 
branch ; bunches small or medium-sized, short, pyramidal, single and com- 
pact ; uneven ripening is characteristic of this variety as green, light purple 
and dark purple berries can be found in every bunch ; pedicel short, thick and 
warty ; berries light or dark purple, medium or large-sized ; shape oval, berry 
content firm, melting, very sweet and of excellent flavour ; seeds one to two 
per berry and of green colour. 

A light cropper ; ripens about the third week of July. 

Malaga 

V ines , — V igorous . 

Shoots. — Thick, long and rough ; dark purple patches or lines on green ; 
pubescence woolly ; intemodes medium-long ; tendrils medium-long, pubes- 
cent, bi- or trifid, intermittent ; tips of growing shoots yellowish green with 
pink dots, pubescent ; unfolding leaves yellowish green, margin pink, pubes- 
cent. 

Canes. — Light brown, angular. 

Leaves. — Dark green on upper but light green on lower surface, thick 
and rough ; shape orbicular ; pubescence downy on uj)per but felt-like on 
lower surface ; 5-lobed, all sinuses well-marked, open, U-shaped ; teeth either 
broad or narrow, terminal tooth broad and pointed ; nerves medium-thick, 
creamy yellow with light pink shades, strongly pubescent ; lateral nerv^es 
purple coloured near their point of origin ; leaf stalk short, medium-thick, 
light purple with green shades, pubescent. 

Flower. — Hermaphrodite . 

Characters of the bunch. — Peduncle long, thick and brittle ; bunches 
medium to large-sized, long, pyramidal, single, fairly compact ; ripening 
even ; pedicel medium-long, thick and warty ; berries medium-sized, short 
oval ; skin greenish yellow, thick and cracking ; berry content pulpy, firm 
and fairly sweet ; seeds weU developed, dark-brown coloured, 2-3 per berry. 
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A light to medium cropper ; ripens from the second week of July to the 
beginning of August. 


Mavron 


Vines. — Vigorous. 

Shoota. — ^Long, thick and rough ; dark purple patches or lines on green ; 
pubescence woolly ; internodes long ; tendrils long, trifid, pubescent, disconti- 
nuous ; tips of growing shoots brownish green, young unfolding leaves puiplish 
green, margin green, pubescent. 

Canes. — Smoky on one side and light brown on the other, angular, bark 
peeling off*. 

Leaves. — Dark green on upper surface but light green on lower one, thin, 
rough ; shape orbicular ; pubescence downy on lower surface but glabrous 
on upper one ; 3-lobed, petiolar sinus closed above but open below, basal sinuses 
non-existent, but lateral ones slightly marked ; teeth large, broad and pointed ; 
terminal tooth long, narrow and pointed ; nerves thin, creamy yellow with 
pink shades, lateral nerves dark purple near their point of origin, pubescent ; 
stalk short, thin, dark purple with green shades, pubescent. 

Flowers. — Hermaphrodite . 

Characters of the bunch. — Peduncle medium-long, medium-thick and 
brittle ; bunches medium to large-sized, long, single, pyramidal, fairly loose ; 
ripening even ; i)edicel medium-long, thin and warty ; berries small to medium- 
sized, short oval ; skin greenish yellow, thick and cracking ; berry content 
firm, pulpy and sweet ; quality fair ; seed bluish brown, well developed, 2- 
3 per berry. 

A light to medium cropper ; ripens from the middle to the end of July. 

Muscat of Alexandria 

Vines. — Of medium vigour. 

Shoots. — Thick, short, rough, colour green ; pubescence woolly ; inter- 
nodes medium-long ; tips of growing shoots green ; young leaves appear 
white due to woolly pubescence, margin reddish ; tendrils long, pubescent, 
trifid or tetrafid, intermittent. 

Canes. — ^Light brown but slightly smoky on one side, prominently 
angular. 

Lea\)es. — Dark green on upper but light green on lower surface, thick and 
rough ; shape cuneiform ; pubescence downy on uj)per but felt-like on 
lower surface ; 5-lobed, petiolar sinus well marked but basal and lateral sinuses 
less marked, V-shaped ; teeth large, narrow and pointed ; terminal tooth 
long, narrow and pointed ; nerves thick, greenish yellow, red near their origin, 
strongly pubescent on both surfaces ; stalk long, thick, pink, pubescent. 

Flowers . — Hermaphrodite . 

Characters of the bunch. — Peduncle long, medium-thick, fairly tough ; 
bunches medium to large-sized, long, pyramidal, divided, loose ; ripening 
even ; pedicel long, thick and warty ; berries medium to large-sized, short- 
oval ; skin yellowish green, thick, cracking ; berry content a bit pulpy, melting, 
very sweet and of distinct muscat flavour ; quality good ; seed brownish 
green, 1-3 per bwry. 

A light to medium cropper ; ripens from the beginning to the end of 
July. 



grape vine VAUlETtES 
Palomino 
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V ines. — Vigorous . 

Shoots, — ^Medium-thick, medium-long and rough ; colour dark purple ; 
pubescence woolly ; internodes medium-long ; tendrils medium-long, trifid, 
woolly, intermittent ; tips of growing shoots brownish green, pubescent ; 
unfolding leaves greenish yellow, margin pink, pubescence woolly. 

Canes. — Smoky on one side and %ht brown on the other, angular, bark 
peeling off. 

Leaves. — Dark green on upper but light green on lower surface, thick 
and rough ; shape orbicular ; pubescence downy on upper but felt-like on lower 
surface ; 5-lobed ; all sinuses open and well marked ; teeth either narrow 
or broad, small and large teeth irregularly alternating ; terminal tooth long, 
narrow and pointed ; leaf nerves medium-thick, greenish yellow having pink 
shades, strongly pubescent, all nerves red near their point of origin on the 
upper surface of the leaf only ; leaf stalk medium-thick, short, dark purple 
with green streaks, pubescent. 

Flowers. — Hermaphrodite . 

Characters of the bunch. — Peduncle long, thick and brittle ; bunches 
medium or large-sized, long, j)yramidah divided, very loose ; ripening even ; 
pedicel long, thick and warty ; berries medium-sized, spherical ; skin yellow- 
ish green, thick and cracking ; berry content slightly firm, melting and sweet ; 
quality good ; seeds of dark brown colour, 2-3 per berry. 

A medium to heavy cropper ; ripens from the end of June to the end of 
July. 


Pa7idhari Sahebi 


Vines. — Very vigorous. 

Shoots. — Thick, long and rough ; colour green or dark purple shades on 
green ; pubescence cobwebby ; internodes medium-long ; tendrils long, trifid, 
pubescent, intermittent ; tips of growing shoots brownish green ; unfolding 
leaves greenish yellow, margin pink, pubescent. 

Canes. — Brown on one side and greyish white on the other, thick and 
vigorous. 

Leaves. — Dark green on upper but light green on lowf^r surface, thick ; 
shape orbicular ; slightly downy pubescence on upper surface but glabrous 
on lower one ; 5-lobed, petiolar sinus almost closed, lateral sinuses more 
marked than basal ones ; teeth large, broad, round and pointed ; terminal 
tooth broad, dome-shaped and pointed ; nerves thick, colour greenish yellow 
witJi pink shades or dots, pubescent ; stalk short, very tJiick, greenish yellow 
with pink shades, glabrous. 

Flowers . — Practically pistillate. 

Characters of the bunch. — Peduncle medium-long or short, thick and 
tough ; bunches medium or large-sized, appearance attractive due to attrac- 
tive colour of berries and compactness of bunches, long, pyramidal, single, 
compact ; ripening uniform ; pedicel long, tliick and wartj’^ ; berries la;rge- 
sized, long-oval ; skin yellow — with or witliout pink shades, thin, cracking ; 
berry content firm, pulpy, sweet but flavour lacking ; seed dark brown, 1-2 
per berry. 
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A self-sterile variety, but medium to heavy cropper when grown with 
self fertile varieties ; ripens from the third week of June to the third week of 
July. 

Pay Kani 

Vines. — ^Vigorous. 

Shoots— Long, thick, rough ; dark purple lines on green; pubescence 
cobwebby ; internodes long ; tendrils medium-long, bifid, slightly pubescent, 
intermittent ; tips of growing shoots brownish green ; young leaves greenish 
yellow, margin pinkish, pubescent. 

Canes. — Light brown, angular. 

Leaves. — Dark green on upper but light green on lower surface, thick ; 
shape cuneiform ; glabrous on upper surface but slightly pubescent on lower 
one ; 5-lobed, petiolar sinus considerably open and conspicuous but basal and 
lateral sinuses less marked ; teeth broad or narrow, pointed ; nerves thin, 
greenish yellow, slightly pubescent ; stalk short, thin, light green with pink 
shades slightly pubescent. 

Flowers. — Hermaphrodite. 

Characters of the hunch. — Peduncle long, medium -thick and fairly 
tough ; bunches medium to large-sized, long, pyramidal, divided, ripening 
uneven ; pedicel long, thick and warty ; berries large, oval ; skin yellowish 
green, thick and cracking ; berry content pulpy, melting and sweet ; seeds 
yellowish green with black tints, 1-2 per berry. 

A light cropper ; ripens about the middle of July. 

Portuguese Blue 

Vines. — ^medium vigour. 

Shoots. — Short, medium-thick and rough ; colour greenish yellow ; 
pubescence woolly ; intemodes medium-long ; tendrils medium-long, trifid, 
pubescent, intermittent ; tips of growing shoots reddish green, pubescent ; 
unfolding leaves yellowish green, pubescent, margin yellowish green. 

Canes. — Smoky on purple back ground, round. 

Leaves. — ^Dark green on upper surface but light green on lower one, thin 
and slightly rough ; shape orbicular ; pubescence downy on both surfaces ; 
5-lobed, petiolar sinus closed above but open below, basal and lateral sinuses 
open, U-shaped ; teeth narrow and pointed, small regularly alternating with 
big ones ; terminal tooth broad, round and pointed ; nerves thin, greenish 
yellow mixed with pink shades, lateral nerves pink near their point of origin ; 
stalk short, thin, yellowish green with pink shades, slightly pubescent. 

Flowers. — ^Hermaphrodite. 

Characters of the bunch. — Peduncle medium-long, medium-thick and 
tough ; bunches small to medium-sized, divided and very loose ; ripening 
uneven ; pedicel medium-long, thin and warty ; berries small and spherical ; 
skin thick, leathery, dark purple changing black with blue bloom ; appear- 
ance attractive ; flesh juicy, fairly sweet, flavour peculiar ; seed brownish 
green, 2-4 per berry, well developed. 

A light cropper ; ripens from the middle of June to the third week of 
July. 
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Pmnede Cazovl 

Vines . — Vigorous. 

ShotOs . — ^Thin to medium-thick, rough ; colour yellowish green ; pubes- 
cence cobwebby ; intemodes medium-long ; tendrils pubescent, medium- 
long, trifid, intermittent ; tips of growing shoots light green ; young leaves 
pinUsh green, pubescent. 

Canes . — Smoky on one side and light brown on the other, round. 

Leaves . — ^Dark green on upper but light green on lower surface, thick ; 
shape cuneiform ; almost glabrous ; 5-16bed, petiolar and upper sinuses well 
marked but basal ones less marked ; teeth long, narrow and pointed ; ter- 
minal, tooth very long, narrow and pointed ; nerves thin, yellowish-green, 
pubescent, second lateral nerves red near their point of origin ; stalk short, 
thin, pink, slightly pubescent. 

Flowers . — ^Hermaphrodite. 

Characters of the bunch . — Peduncle long, medium-thick, fairly brittle ; 
bunches medium or large-sized, short, irregular, single, fairly loose ; ripening 
uneven ; pedicel medium-long, thick and warty ; berries medium or large- 
sized, oval ; skin green to dark purple, thick and leathery ; berry content a 
bit firm, juicy, melting and sweet ; quality fair, seed dark brown, 4-6 per 
berry. 

A medium cropper ; ripens from the middle of July to the beginning of 
August. 


Queen Golden 

Vines. — Of medium vigour. 

Shoots. — Short, medium-thick and rough ; colour dark purple ; pubes - 
cence woolly ; intemodes short ; tendrils short, bi- or trifid, pubescent, inter- 
mittent ; tips of growing shoots brownish green, densely woolly ; unfolding 
leaves greenish yellow, woolly with red margins. 

Canes. — Light brown but slightly smoky on one side, prominently 
angular. 

Leaves. — Dark green on upper but light green on lower surface, thick 
tmd rough ; shape orbicular ; pubescence downy on upper but felt-like on 
lower surface ; 6-lobed, petiolar sinus closed above but open below, ba.sal 
and lateral sinuses well marked, open, U-shaped ; teeth in two series, small 
ones alternating with large, broad and pointed ones : nerves thick and strongly 
pubescent, purple near their point of origin but greenish yellow with pink 
shades above ; leaf stalk short, thick, dark purple and pubescent. 

Flowers. — ^Hermaphrodite. 

Characters of the bunch. — ^Peduncle short, medium-thick and brittle ; 
bunches medium or large-sized, long cylindrical or pyramidal, single and 
compact ; ripening even ; pedicel short, thick and warty ; berries large and 
spherical ; skin green with white bloom, medium-thick and cracking ; berry 
content a bit firm, melting, juicy and sweet ; seeds well developed, dark 
brown coloured, about 4 per berry. 

A light to medium cropper ; ripens from the middle of July to the middle 
of August. 
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Ribier 

Vines. — ^Very vigorous. 

Shoots. — ^Medium-long, thick and rough ; d^irk purple patches on green ; 
pubescence woolly ; internodes medium-long ; tendrils long, pubescent, trifid 
and intermittent ; tips of growing shoots brownish green, densely pubescent ; 
unfolding leaves yellowish green with pink margin, strong pubescence on both 
surfaces. 

Canes. — Brown on one side and greyish yellow on the other, angular. 

Leaves. — Dark green on upper but light ^reen on lower surface, thick and 
rough ; shape orbicular ; pubescence downy on upper but felt-like on lower 
surface ; 5-lobed, but sometimes the tertiary nerves of second lateral nerves 
form two more lobes, making a total of seven ; petiolar sinus closed above 
but open below, other sinuses also marked ; teeth in two series, small ones 
alternate with big ones that are usually narrow, long and pointed ; terminal 
tooth long, narrow and pointed ; leaf nerves pubescent, thick and purple 
near their point of origin but creamy yellow mostly ; leaf stalk short, thick, 
flattened, pubescent, light purple with yellowish green shades. 

Flowers . — ^Hermaph rodit e . 

Characters of the bunch. — Peduncle medium-long, thick and tough ; 
bunches large, long, pyramidal, single, loose and even ; pcdit^el medium- 
long, thick and warty, berries large and spherical ; skin jet-black with blue 
bloom, thick and cracking ; berry content firm, pulpy and sweet ; quality 
fairly good ; seeds 2-3 per berry and of dark brown colour. 

A medium to heavy cropper ; ripens from the beginning to the end of 
July. 

Rish Baba 

Vines . — ^Very vigorous. 

Shoots . — Thick, long, rough ; colour dark purple and green mixed ; 
pubescence cobwebby slightly ; internodes medium-long ; tendrils long, bifid, 
slightly pubescent, intermittent ; tips of growing shoots brownish or reddish 
green ; young leaves greenish yellow with pink shades, margin pinkish, 
pubescent on both surfaces. 

Cane. — Light brown but slightly smoky on one side, prominently angu- 
lar. 

Leaves. — Dark green on upper but light green on lower surface, medium- 
thick ; shape cuneiform ; glabrous on both sides ; 5-lobed, petiolar sinus 
cup-shaped, other sinuses open and well marked ; teeth reddish green ; broad 
and pointed ; terminal tooth long, narrow and pointed ; nerves thick, yellowish 
green with pink shades, pubescent ; stalk short, thick, light purple with green 
shades, almost glabrous. 

Flowers . — Hermaphrodite . 

Characters of the bunch . — Peduncle long, thin or medium-thick, brittle ; 
bunches medium or large, long, pyramidal, single, loose, even ; pedicel long 
or very long, medium-thick, warty ; berries large, long, long-oval ; skin 
greenish yellow with brown shades, thin or medium-thick, cracking ; berry 
content a bit firm, melting and sweet ; quality good ; seeds well developed, 
yellowish pink, 1-3 per berry. 

A light cropper ; ripens during the month of July. 
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Rose 

Vines, — ^Vigorous. 

Shoots, — ^Medium-thick, long and rough ; colour red in lines on green ; 
pubescence cobwebby ; internodes long ; tendrils long, trifid, pubescent, 
intermittent ; tips of growing shoots yellowish green ; young leaves greenish 
yellow giving pinkish tinge, slightly pubescent on both surfaces, margin green. 

Canes, — ^Purple, angular. 

Leaves, — Dark green on upper but light green on lower surface ; fairly 
thick ; shape cuneiform ; almost glabrous on both surfaces ; 5-lobed, petiolar 
sinus open and cup-shaped, basal and lateral ones less-marked and V-shaped ; 
teeth broad and pointed ; terminal tooth large, broad and pointed ; nerves 
greenish yellow, slightly pubescent ; stalk short, thick, slightly pubescent, 
colour pink and yellowish-green in patches. 

Flowers, — Hermaphrodite . 

Characters of the bunch. — Peduncle long, thick, tough ; bunches medium 
or large-sized, long, pyramidal, shouldered, divided, fairly compact ; ripen- 
ing fairly uneven ; pedicel thick, long and warty ; berries medium to large- 
sized, oval ; skin niedium-thi(‘k, colour red or light red (attractive), cracking ; 
berry content slightly pulpy, melting and sweet, flavour good ; seed dark 
brown, 1-2 per berry. 

A very lijajht cropper ; ripens about the middle of July. 

Servan 

Vines. — Very vigorous. 

Shoots. — Medium-thick, long and smooth ; colour green ; pubescence 
woolly ; intemodes medium-long ; tendrils long, pubescent, bi- or trifid, inter- 
mittent ; tips of growing shoots yellowish green, pubescent ; unfolding leaves 
greenish yellow, densely pubescent, margin green. 

Canes. — Brow n on one side and greyish -yellow on the other, angular. 

Leaves, — Dark green on upper but light green on low^er surface, medium- 
thick and rough ; shape orbicular ; pubescence on both surfaces ; 5-lobed, 
petiolar sinus nearly closed, basal and lateral sinuses open, U-shaj)ed ; small 
teeth irregularly alternating with large, broad and pointed ones, terminal 
tooth long, narrow and pointed ; nerves thin, pinkish green, pubescent ; 
stalk short, thin, yellowish green, slightly pubescent. 

Flowers, — Hermaphrodite. 

Characters of the bunch. — Peduncle medium-long, thick and tough ; 
bunches medium or large-sized, long, pyramidal, fairly loose ; ripening uni- 
form ; pedicel medium -long, thick and w^arty ; berries medium to large- 
sized, spherical ; skin light green, mediuin-tliic^k and cracking ; seeds of 
dark-brown colour, 3-4 per berry. 

A light to medium cropper ; ripens from the second week of July to the 
beginning of August. 

Spin Savai 

V ines . — V igorous . 

Shoots. — ^Thick, long and smooth ; colour mostly green but dark purple 
shades on green also ; pubescence cobwebby ; internodes long ; tendrils long, 
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trifid, slightly pubescent, intermittent ; tips of growing shoots light green ; 
young leaves yellowish green, margin pink, pubescence on both surfaces. 

Canes , — Brown on one side and greyish yellow on the other, angular. 

Leaves , — Dark green above but light green on lower surface, medium- 
thick ; shape orbicular ; both surfaces glabrous ; 6-lobed ; petiolar sinus 
well marked, lateral sinuses more marked than basal sinuses, and teeth-like 
structures develop at the base of lateral sinuses ; teeth large, broad and 
pointed ; terminal tooth long, narrow and pointed ; nerves thin, pubescence 
downy, colour dirty green or light green with pink dots. 

Flowers, — Hermaphrodite . 

Characters of the bunch , — Pedicels long, medium-thick and warty ; berries 
long-oval, large-sized ; skin greenish yellow, thin like that of ‘ bedana ’ 
variety, cracking ; berry content firm, melting and sweet, quality good ; 
seed content nil or 1-2 per berry, colour greenish yellow. 

A very light cropper ; ripens about the beginning of July. 

Sultana 

V ines , — V igorous . 

Shoots, — Thick, long and smooth ; colour green ; pubescence downy ; 
internodes medium-long ; tendrils long, pubescent, bifid, intermittent ; tips 
of growing shoots yellowish green ; unfolding leaves greenish yellow, margin 
light pink, pubescent on both surfaces. 

Canes, — Smoky, angular. 

Leaves , — Dark green on upper but light green on lower surface, medium- 
thick ; shape orbicular ; both surfaces glabrous ; 5-lobed, petiolar sinus 
closed, other sinuses well marked, U-shaped ; teeth mostly broad ; terminal 
tooth long, narrow and pointed ; nerves thick, pubescence downy, colour 
greenish yellow with light pink shades and reddish near their point of origin 
on upper surface only ; stalk thick, short, greenish yellow with pink shades, 
almost glabrous. 

Flo wers. — Hermaphrodite . 

Characters of the bunch , — Peduncle long, thick, brittle ; bunches large- 
sized, long, pyramidal, single, compact ; ripening fairly even ; pedicel medium 
long, thin, warty ; berries small, oval ; skin golden yellow, medium-thick, 
cracking ; berry content a bit firm, melting, sweet ; quality good ; seedless. 

A light to medium cropper ; ripens from the middle of June to the beginn- 
ing of July, 

Sur Savai 

Vines, — Vigorous, 

Shoots. — Thick, long, smooth ; colour mostly green but sometimes dark 
purple shades also ; pubescence cobwebby ; internodes long ; tendrils long, 
trifid, slightly pubescent, intermittent ; tips of growing shoots brownish 
green ; unfolding leaves yellowish green, margin red, pubescent on both 
surfaces. 

Canes. — ^Purplish, angular. 

Leaves. — Dark green on upper but light green lower surface, medium- 
thick ; shape orbicular ; glabrous on both surfaces ; 6-lobed, petiolar sinus 
closed above but open below, other sinuses also marked ; teeth large, broad 
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and pointed ; terminal tooth long and narrow ; nerves medium-thick, light 
green with pink dots, pubescence felt-like, second lateral nerves red up to 
a little beyond the point of origin of tertiary nerves ; stalk short, thiclc, slightly 
pubescent, pinkish yellow with green shades. 

Flowers. — Hermaphrodite. 

Characters of the bunch. — ^Peduncle long, thick, soft and brittle ; bunches 
medium or large-sized, long, pyramidal, single, loose or compact ; rii)cning 
even ; pedicel long, medium-thick and warty ; berries usually large-sized 
but small (shot) ones also met with in the same bunch, shape long-oval ; 
skin dark purple having blue bloom, thick, cracking ; beiTy content slightly 
firm, melting and sweet ; seeds well developed, usually one per berry and have 
yellow and blue pigments on them. 

A light cropper ; ripens from the end of June to the 3rd week of July. 

Tandah 

V ines . — V igor ous . 

Shoots . — Medium-thick, short, rough ; colour pinkish-green ; pubescence 
cobwebby ; internodes medium-long ; tendrils short, bifid, slightly pubescent, 
intermittent ; tips of growing shoots pinkish green ; young leaves greenish 
yellow, pubescent on both surfaces, margin green. 

Canes . — Purple, round. 

Leaves. — Dark green on upper but light green on lower surface, smooth 
and thin ; shape cuneiform ; slight pubescence on both surfaces ; 5-lobed, 
petiolar sinus well marked, open and cup-shaped, basal and lateral sinuses 
not marked, V-shaped ; teeth broad, rounded and pointed ; terminal tooth 
very broad, rounded and pointed ; nerves very tliiii, yellowish green, slightly 
pubescent ; stalk short, thin, pink, slightly pubescent . 

Flowers. — Hermaphrodite. 

Characters of the bunch. — Peduncle long, thick, very tough ; bunches 
medium-sized, long, pyramidal, single, fairly loose ; ripening even ; pedicel 
medium-long, thick and warty ; berries medium to large-sized, oval ; skin 
pinkish or light red, medium-thick, cracking ; berry content juicy and sweet ; 
quality good, flavour not distinct ; seed yellow, 2-3 per berry. 

A light cropper ; ripens about the second week of July. 

Tas 

V ines . — V i gorous . 

Shoots. — Thick, long, smooth ; dark purple lines on green ; pubescence 
cobwebby ; internodes long ; tendrils short, bifid, slightly pubescent, inter- 
mittent ; tips of growing shoots light green ; young unfolding leaves yellowish 
green, margin rod, pubescence on both surfaces. 

Canes. — Purple, angular. 

Leaves. — Dark green on upper surface but light green on lower one, 
medium-thick ; shape orbicular ; ahnost glabrous on both surfaces ; 5- 
lobed, petiolar sinus open below but closed above, other sinuses well marked ; 
lateral sinuses W-shaped ; teetli broad and pointed ; terminal tooth long, 
narrow and pointed ; nerves medium-thick, slightly pubescent, light green 
with pink dots ; second lateral nerves of dark purple colour upto the point 
where the tertiary nerves arise ; stalk short, medium thick, greenish purple, 
slightly pubescent. 
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Flowers, — ^Hermaphrodite. 

Characters of the bunch, — Peduncle medium-long, thick and tough ; 
bunches medium to large-sized, long, usually pyramidal, single, fairly compact ; 
ripening fairly even ; pedicel medium -long, thick, and warty ; berries m^ium 
to large-sized, short-oval ; skin greenish yellow, thick and cracking ; berry 
content firm, pulpy, mild sweet, no flavour ; seeds well developed, dark brown, 
2 to 4 per berry. 

A light to medium cropper ; ripens about the end of July. 

Tor 

Vines, — ^Vigorous. 

Shoots, — Thick, long, rough ; colour mostly green ; pubescence downy ; 
internodes long ; tendrils pubescent, trifid, intermittent ; tips of growing 
shoots yellowish green ; young leaves yellowish green, margin pink, pubescent 
on both sides. 

Canes, — Brown on one side and greyish yellow on the other, angular. 

Leaves. — Dark green on upper but light green on lower surface, medium- 
thick ; shape cuneiform ; almost glabrous ; 5-lobed, petiolar sinus promi 
nent, open, cup-shaped but basal and lateral ones, V-shaped ; teeth broad ; 
terminal tooth long, narrow and pointed ; nerves medium -thick, pinkish 
green, pubescence felt-like on lower surface ; stalk medium -thick, pinkish, 
short, almost glabrous. 

Flowers . — ^Hermaphrodite. 

Characters of the bunch. — Peduncle long, thick, tough ; bunches large- 
sized, long, pyramidal, single, quite compact, ripening even ; pedicel short, 
thick and warty ; berries large-sized, short-oval or spherical ; skin black 
with blue bloom, thick and cracking ; berry content firm and sweet ; quality 
fair ; seeds well developed, light brown with bluish shades, 2-3 per berry. 

A light to medium cropper ; ripens about the end of June. 

Trentham Blcwh 

Vines. — Of medium vigour. 

Shoots. — Medium-thick, long, rough ; dark purple shades or lines on 
green ; pubescence woolly ; internodes medium-long ; tendrils short, pubescent 
bifid, intermittent ; tips of growing shoots yellowish green ; young leaves 
pinkish green. 

(7ane«.— Smoky, round. 

Leaves. — ^Dark green on upper but light green on lower surface, thick 
and rough ; shape cuneiform, pubescence downy on both surfaces ; 6-lobed, 
petiolar sinus well marked, broad and open, basal sinuses less marked than 
lateral ones ; nerves medium-thick, yellowish pink and pubescent ; stalk 
short, thin, greenish yellow with purple shades, almost glabrous. 

Flowers. — Hermaphrodite. 

Characters of the hurveh. — ^Peduncle medium-long, medium-thick, brittle ; 
bunches small to medium-sized, short or long, pyramidal, single, fairly loose ; 
ripening even ; pedicel medium-long, medium-thick and warty ; berries 
medium-sized, short-oval ; skin pur|5e, thick and leathery ; berry content 
separates in a mass from the skin, melting and sweet ; seed dark-brown, 
1 to 2 per berry, 

A very light cropper ; ripens about the end of June, 
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Vines. — ^Very vigorous. 

Shoots. — ^Thick, long, rough ; colour green ; almost glabrous ; inter- 
nodes medium-long ; tendrils medium to long, bi- or trifid, almost glabrous 
intermittent ; tips of growing shoots green or brownish green ; young leaves 
yellowish green ; margin red, almost glabrous. 

Canes. — Smoky on om*. side and light brown on llii' other, round. 

Leaves. — Dark green on upper but light green on lower surface, thick; 
shape cuneifo’^m ; almost glabrous on both surfaces ; .5-lobed ; petiolar 
sinus open and cup-shaped, lateral sinuses more marked than basal ones ; 
teeth large, broad, rounded and pointed ; terminal tooth long, narrow and 
pointed ; nerves medium-thick, greenish yellow with pink shades, slightly 
pubescent ; stalk short, medium-thick, yellowish green with pink shades ; 
almost glabrous. 

Flowers . — ^Hermaphrodite. 

Characters of the bunch. — ^Peduncle long, thick, tough ; bunches medium 
to large-sized, long, pyramidal, single, loose ; ripening uniform ; pedicel 
long, medium-thick and warty ; berries large, long-oval : skin yellowish 
green with white bloom, thick and cracking ; berry content firm, pulpy and 
sweet ; quality good ; seeds well developed, brown coloured, 1-2 per berry. 

A medium to heavy cropper ; ripens from the end of July to the beginn- 
ing of August. 


Zanfe Currant 


Vines. — Vigorous. 

Shoots. — Medium-thick, long and rough ; dark purple streaks on green ; 
pubescence woolly ; internodes medium-long ; tendrils long, bi- or trifid, 
densely pubescent and discontinuous ; tips of growing shoots greenish red, 
densely pubescent, unfolding leaves appear white due to pubescence on both 
surfaces, margin red, red colour develops after the leaves get slightly bigger. 

Canes. — Purplish, angular. 

Ijeaves. — Dark green on upper but light green on lower surface, thick 
and rough ; shape orbicular ; pubescence downj" on up}>er surface but felt- 
like on lower one ; 5-lobed, petiolar sinus open and cup-shaped, basal and 
lateral sinuses less marked and v-shaped ; small and large teeth irregularly 
alternating and are mostly broad and pointc'd ; terminal tooth narrow and 
pointed ; leaf nerves thin and pubescent on both surfacevs, lateral nerves dark 
purple near their places of origin on both surfaces but otherwise are of greenish 
yellow colour with pink dots ; leaf stalk short, thin, dark purple and densely 
pubescent. 

Flowers . — ^Hermaphrodite . 

Characters of the bunch. — ^Peduncle short, thin, soft and brittle ; bunches 
small or very small, long, pyramidal, divided, fairly loose and even ; pedicel 
long, very thin and smooth ; berries very small and spherical ; skin thin, 
purple coloured with blue bloom ; berry content juicy, very sweet and of 
good flavour ; seedless variety. 

A lig^t cropper ; ripens from the second week to the end of June. 
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Discussion of rbsults and oonsteuotion and use op the identification 

CHART 

An accurate and complete study of the character and properties of all 
the parts of grape vine varieties under trial has been made. Some of the 
descriptive data so gathered have been tabulated and discussed in the previous 
section from which it is evident that certain features of the vine are not 
as good a guide for diagnostic purposes as others, e.g. vigour and growth, 
which are only of relative importance, are helpful when the varieties are grown 
side by side in the collection. The other feature, i.e. degrees of colour shades, 
although an excellent guide to the identification of varieties in the field, yet 
cannot be usefully employed in describing varieties as degree of colour 
is very difiicult to be recorded with precision. In constructing the identi- 
fication chart, therefore, only such characters are employed as would be easy 
of adoption and afford a more or less constant specific value under diverse 
conditions. These features used in their order of importance are (a) leaf 
shape and pubescence, {b) colour of berries, (c) shape of berries, (d) colour of 
growing shoots and their pubescence, (e) cane characters and (/) some characters 
of peduncle, pedicel and akin (Appendix VI). Referring to the chart (Appen- 
dix VI) it is at once clear that all the varieties have only three forms of full- 
grown leaves, viz. orbicular, cuneiform and cordate (Fig. 2). Each of the three 
forms (shape) of leaf may have three degrees of pubescence, viz. (a) felt-like, 
(6) downy and (c) glabrous or no pubescence. It is thus evident that all the 
varieties can be classified into nine groups according to the shape and pubes- 
cence of full-grown leaves but actually all the varieties under trial at Lyallpur 
have fallen into seven groups. Except in one case, there are numerous 
varieties in each group, thus neces.sitating, a further classification according 
to some other outstanding features. This has been considerably accomplish- 
ed by using the berry colour feature in conjunction with the leaf shape and 
pubescence inasmuch as the resultant sub-groups become small enough to 
be treated separately, ® 

As may be expected, there are differences in colour shades and intensity 
of colour within the berry colour groups themselves. Besides, such shade!s 
are prone to vary slightly with season and locality. Due consideration was 
given to this aspect of the problem and no definite line of demarcation has 
thus been drawn between the colour groups as explained under * Bunches ’ and 
‘ Berries ’ in the previous section. The varieties falling in the various sub- 
groups have been further sorted out with the help of (o) shape of berry 16) 
colour and pubescence of growing shoots, (c) character of canes and fd) some 
char^ters of peduncle, pedicel and skin and their importance for identifica 
tion lies m the order in which they are written. It is evident that all the 
p>atures enumerated above, when used conjointly in Appendix VI hav^ 
help^ to isolate all the varieties under trial. It is hoped that this chart 
would help to isolate a further lot of varieties not reported in this paper 
There is yet another feature of interest afforded by the descrintion 
varieties. Although there are not more than a few vwieties to £\JbfoT 
commercial growing from the list reported in this paper, yet there are man^ 
^at are outstanding with regard to one or the other most desirable feat,,™ 
For instance Madreafield Court, Black Prince and Muscat of Al^ndria So 
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noted for taete and aroma, Dakh and Bhokari are very prolific, Pandhari 
Sahebi excels every other variety for its attractive bunches and berries, Damas 
Bose is noted for the size of its berries and Madeleine Angevine, KhalUi and 
Kishmish White are very early varieties. The desirable feature of these and 
such other varieties may be combined by making crosses between suitable 
parents, and the most desirable progeny seedlings may be multiplied by vege- 
tative means. This type of work is now under way at Lyallpur as a result of 
the facilities provided by the Imperial Council of Agricultural Research. 

Summary 

(1) An accurate and complete study of the character and properties of 
all the parts of 66 grape vine varieties under trial has been made. It consists 
of the study of (a) vigour, (6) unfolding leaves, (c) growing shoots, (d) full-grown 
leaves, (c) one year-old wood and (/) bunches and berries. 

(2) Some of the descriptive data so gathered have* been tabulated and 
discussed from which it is evident that certain features of the vine are not 
as good a guide for diagnostic purposes as others. 

(3) In constructing the identification chart, only such characters are 
employed as would be easy of adoption and afford, more or less, a constant 
specific value under diverse conditions. These features used in their order of 
importance are (a) leaf shape and pubescence, (b) colour of berries, (c) shape 
of berries, (d) colour of growing shoots and their pubescence, (e) cane characters 
and (/) some characters of p^uncle, pedicel and skin. 

(4) It is evident that all the features enumerated above, when used con- 
jointly in Appendix VI, have helped to isolate all the varieties under trial. 
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Glossary 

A number of technical terms used in describing varieties have been 
explained in the section, ‘ methods employed but there are still others 
which need clarification to enable the reader to understand their significance 
fully. The following explanations illustrated by connotations and figures 
are given to serve the desired pmpose. 

Tendrils 

The tendrils can be simple, bi-furcated or tri-furcated. Tn some varieties 
tetra-fid or even penta-fid tendrils are met with. In regard to their position 
on the cane, they are described as continuous, discontinuous or intermittent. 

(i) CanUnuotis . — When there is a tendril or a bunch opposite every leaf 
on tl^ cane. 
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(it) Discorttintums or intermittent , — ^When there is a tendril or a bunch 
opposite some leaves and no tendril or bunch against others, the arrangement 
Can be termed either discontinuous or intermittent. It is called discontinuous 
when the discontinuity in the arrangement of tendrils is irregular, but when 
the discontinuity is regular, the arrangement is termed intermittent. 

Leaf shapey nerveSy lobes and sinuses, teeth, etc, 

(i) Leaf shape, nerves , — The leaf can be of various forms or sha[)es de- 
pending upon the length of the primary or main nerve in relation to the first 
lateral nerve and the second lateral nerve (Fig. 1). The shape is also dependent 
on the angles made by the first lateral nerve with the primary nerve and by 
the first with the second lateral nerve. The leaves of the varieties described 
in this paper were either orbicular (round) or cuneiform (wedge-shaped), but 
in one instance they were cordate (heart-shaped). I’he forms of leaf may best 
be understood by referring to Fig. 2. 



Potiolar sinus 
Lower sinus 


Upjwr sinus 


Tooth 


Fia. 1 

(it) Lobing of the leaf and sinuses . — The leaf can be entire, tri-lobed or 
five-lobed depending upon the number of sinuses present (Fig. 1). If 
the value of upper sinus is zero, the leaf is entire. If the upper sinus is clearly 
marked, the leaf is called five-lobed. In addition to the upper and lower 
sinuses, there is another sinus called the petiolar sinus, which is formed by 
the petiolar lobes. 

(tit) Teeth . — ^The teeth can be of various forms depending upon the value 
of the ratio expressed by the height (A) of the teeth to its breadth (6) 
(Fig. 1). 

The teeth are very narrow when the ratio is>l 
The teeth are narrow when the ratio is >0. 76 
The teeth are broad when the ratio is >0* 50 
The teeth are very broad when the ratio is >0* 25 
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Fig* 2. Diffen iit foniis of leaf 


Description of bunches and berries 
The bunch can bo Binalb medium-sized or large-sized. 

It is small when the average length diameter is <10 cm. 

It is medium when the average length diameter is < 15 cm. 

It is large when the average length diameter is > 16 cms. 

The bunch can be long or short depending upon the value of the ratio 
expressed by its length to its breadth. 

It is long when the ratio is >1 
It is whe^ th§ is<;I 
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The bunch is called single, when there is no 
large stalk division. It is termed divided, when 
the large stalk division exists. 

The bunch is called loose, when the berries 
can move freely in it. It is termed compact, 
when the berries are held, more or less, in fixed 
positions. 

The ripening of the bunch is called even, 
when all the berries in it have ripened, more or 
less, uniformly. It is termed uneven, when ripe 
and unripe berries exist- in one and the same 
bunch. 

The size of the berry can be small, medium, 
large or very large depending upon its average 
diameter. 

It is small when the average diameter is 
<10 mm. 

It is medium when the average diameter is 
<16 mm. 

It is large when the average diameter is 
<20 mm. 

It is very large when the average diameter is 
>20 mm. 

The shape of the berry can be spherical, 
short-oval, oval, long oval or irregular, depending 
upon the ratio of the long diameter to the cross 
one. To have an idea of the shapes as described 
in this paper, reference may be made to Fig. 3. 



-•> Spherical 



Short oval 


Oval 


Long oval 


Irregular 



Fio. 3. Different shapes of berrj’ 


The skin is termed leathery, when it separates in a mass from the pulp 
while eating. It is called cracking, when it is crushed nloog with the pulp 
while eating. 


Cropping propensities 

A variety may be light cropper, medium or heavy cropper depending 
upon the average yield of fruit per vine. The cropping propensities of different 
varieties have been described on the basis of the average yield taken for the 
last five years (1933-1937) m follows : — 

Very light cropper when the average yield <3 lb. 

Light cropper when the average yield <6 lb. 

Light to medium cropper when the average yield <12 lb. 

Medium cropper when the average yield < 16 lb. 

Medium to heavy cropper when the average yield <20 lb. 

Heavy cropper when the average yield <20 lb. 

Very heavy cropper when the average yield >26 lb. 
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(With Places XV^II-XXI an<l one t<»xt -figure) 


T hat a proper selection of rootstock for the cultivated citrus plays a 
most important role in the orchard economics and makes all the diff- 
erence between the success and failure of a plantation are facts established 
beyond doubt both by observation and scientific findings. Hatton [1932] 
has summarized the evidence independently brought out by a number of workers 
to show the differential performance of certain citrus rootstock-scion com- 
binations under diverse environmental conditions. The wide dissimilarity 
in the matter of rootstock preferences in the different citrus-growing regions 
has served to accord a considerable practical and economic importance to 
the rootstock trials in the research programmes relating to the culture of 
citrus fruits in all parts of the world. 

Until very recently seed propagation has been the rule in citrus nursery 
practices all over South India. During the past few years there has been, 
however, a distinct trend towards the establishment of budded plantations. 
At this stage of transition, questions are being very frequently asked on the 
merits and demerits of the various rootstocks for the superior cultivated 
varieties of citrus and also of the several hardy, acclimatised or indigenous 
forms of citrus that are known to abound in this part of India and are reputed 
to possess a variety of desirable characteristics like tree vigour, resistence to 
drought and disease, productivity, tolerance t^) adverse soil and climatic 
conditions, etc. Information is also being sought on the possible advantages 
and disadvantages of raising budded plantations instead of the erstwhile 
system of seedling plantations. 

It was, therefore, in the fitness of things that an elaborate nxitstock 
trial for chinee orange and a smaller investigation with acid lime scion variety 
should find a prominent place in the programme of research under the fruit 
research scheme of the Imperial CJouncil of Agricultural Research at Kodur. 
The chinee orange is the most extensively cultivated variety of sweet oranges 
in Ceded districts of Madras Province, almost to the exclusion of other 
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varieties in this region. Similarly, the acid lime occupies a pre-eminent 
position among the cultivated fruits that fall under the groups of limes and 
lemons, in this province as also in other parts of India. 

From the very nature of these experiments, it is impossible to expect 
definite results with any degree of finality within a relatively short period of 
time. With a crop like citrus, a very conservative estimate of the period 
necessary to determine with some exactitude the longevity of scions on 
various rootstocks would be not less than 50 years. Pending the avail- 
ability of results from such long-range experiments, the citrus growers would 
naturally welcome the release of practical information on the performance of 
various rootstocks at different stages of the trial. The information collected 
so far at the Fruit Research Station, Kodur is considered to be of sufficient 
interest and practical importance to merit immediate dissemination to the 
citrus -growing public and to the workers in this field elsewhere. Further 
results of these trials are proposed to be published as and when they become 
available and seem sufficiently important from the view point of the practi- 
cal grower and the research worker on citrus. 

Mater rALs 

One of the experiments which forms the subject of the present paper 
was designed to test the relative merits of the following varieties of citrus as 
rootstocks for chinee orange. 

(1) Jarnberi — C. limonia Osbeck. : — This is the well-known rough lemon 
reputed to be popular as rootstock for sweet orange in some parts of Florida, 
South Africa, Australia and also in the Central Provinces and Bombay Pro- 
vince. It is said to be identical to Khatti of the Punjab and North-West- 
Frontier and is also known m jamburi in some parts of India. 

(2) Kichili — C. maderdspatana Hort. Tanaka. : — This is indigenous to 
South India, having probably originated as a chance seedling. Tanaka has 
described it tentatively in his ‘ Further Revision of Rutaceae Aurantiodiae 
of India and Ceylon ’ [1937J, and concludes that the plant is very much like 
‘ sour orange ’ {G. Aurantium) with leaves broadly winged. It is undoubtedly 
a very hardy tree and highly productive in Ceded districts (Plate XVII, fig. 1), 
where it seems to be resistant to a certain extent to drought, neglect, ill- 
drained soil conditions and also to such diseases as folio-cellosis, dieback, 
canker, withertip and gummosis. 

(3) Oajanimma — G. pennivesiculata Tanaka. : — The description of this 
has also been recently recorded by Tanaka [1937J. According to him it is 
identical to Bandhuri of Coorg and Attara of the Central Provinces. This 
too is possibly indigenous to Ceded districts, having also originated as a chance 
seedling (Plate XVII, fig. 2). It has been found to be susceptible to gummosis, 
but in other respects possesses all the desirable characteristics of kichili though 
to a leiser degree. It is known to be a more vigorous grower than kichili. 

(4) Oabbti-chmec — G. mnensie Osbeck. Hort. : — This has arisen as a 
chance seedling in a chinee orange plantation (Plate XVII, fig. 3). Excepting 
for its producing slightly larger, coarse and more warty fruits, it resembles 
chinee orange morphologicaUy. 
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(5) Chinee orange — G. sinensis Osbeck. : — It is a variety of sweet oranges 
(Plate XVII, fig. 4), and does not materially differ from any of the well-known 
varieties known to trade. 

(6) Billi-kichili — C, Tangerina Hort. ex Tanaka. : — This is identical with 
the tangerine and closely resembles the Dancy and Beauty of Glen-Retreat 
varieties introduced to India and cultivated in some parts of the United 
Provinces. It is known also locally as Hyderabad kamala and has been 
considered to be of some value as a rootstock in parts of Florida. 

(7) Pummelo — C. maxima. Merr. : — ^The variety used in the present 
trials bears round fruits. Its value as a rootstock has been tested at Phili- 
ppines, Florida and in Hawaii [Pope, 1934]. 

(8) Acid lime — C. Aurantifolia Swingle. : — This is the well-known variety 
of kcLghzi lime or nimbu so extensively cultivated in all parts of India. El 
Sawy [1936] and Hodgson [1937] have pointed out that a variety of Egyptian 
limes has been found suitable as a rootstock in light soils. 

(9) Herale — C. Auraniium Linn. : — According to Tanaka [1937], this is 
the true sour orange, also known as Seville orange. The seed parent used in 
these trials appears to be the true Bitter Seville strain, which is used exten- 
sively as a rootstock in California. Its fruits do not develop a sweet and 
edible pulp as those of kichili. Tanaka considers herale to be synonymous 
with shoiang of Assam, naradafjba of Madras and khatta of the Punjab. 

A batch of chine^* seedlings raised from the same scion parent from which 
buds were obtained for this experiment were also included in these studies, 
so that their performance may be evaluated with the chinee orange scion on 
each of the above nin# varieties employed as rootstock.s. 

The scion parent chosen for the €*xpt*riment is tree Xo. ID 4 in a private 
garden close to the station. 

For the experiment with acid lime scion, the varieties tried as root- 
stocks were kichili, jamheri and acid lime. As in the case of the other trial, 
seedlings raised from the acid lime scion parent were also included in this 
study. The scion parent for this trial was also selected from a private garden 
in the neigh bourhotxl. 

Along with some of the above citrus, a variety popularly knoum as Vadla- 
pudi orange (syn. country orange or sour country orange or sour orange) 
has also been included for a study of root-systems of seedlings and of budlings 
on the seedling rootstocks. It seems from the descriptions that Tanaka 
[1937] has taken this variety to l>e synonymou.s with the kichili, although he 
has not made a specific statement hr) that effect. The Vadlapudi orange is 
l)eing extensively cultivated as a table fruit in the Northern Circars and claims 
an area of about 4,000 acres, while the kichili of the Ceded districts is never 
grown on a commercial scale and exists merely as straj^ trees in the sweet 
orange groves. Pending an accurate nomenclature and classification, which 
is now in progress at Kodur, these two popularly known varieties are treated 
as distinct from each other in the present paper, although it must be stated 
that apparently no clear differences seem to exist between the two. 

Mokri, C. medica L., is another variety that was originally included for 
the rootstock trials, but was ultimately discarded for the purpose. The 
seed-bed and nursery performance of this variety has, however, been reported 
in these pages. 
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Methods 

The rootstock trials were initiated towards the close of 1935. The seeds 
of each variety intended for rootstocks as well its of the scion parents for 
growing as seedling trees were collected from selected individual trees. The 
scion parents were chosen with care on the basis of their vigour and perfor- 
majice in the two seasons preceding tlu^ bud -insertion. As will be shown 
liereafter, a very much larger number of sccHlUngs than were actually required 
for bud -insertion and final planting were raised, so as to permit the selec- 
tion of rootstocks and scion seedlings with the greatest amount of uniformity 
of growth charac.ters. This procedure was adopted in consonance with the 
findings of Webber [1931 ; 1932], wiio has pointed out the possibility of 
obtaining a progeny, all individuals of which are likely to be genetically iden- 
tical, by the process of eliminating the variants among the seedlings. It 
was not, however, possible to sow uniform number of seeds in the case of 
every variety. 

The seeds of all the varieties were sown towards the close of the year 
1935 and the seedlings transplanted in nursery beds from June to September 
1936. Data on the })ercentage of germination, the extent of polyembryony 
as determined by the counting of the actual number of seedlings produced, 
and also the extent of variability based on the growth measurements were 
collected at one or more stages of the growth of the plants in seed and nursery 
beds. 

During the first half of January 1937, a number of vigorous growing 
variants in nursery beds were utilized for a trial to obtain rough indications 
of rootstock effects upon the chime scion. Detailed ‘ take ’ of buds on each 
of these variants were suitably recorded along with the extent of variability 
of these. The budded plants were transplanted to separate nursery beds 
during Jxily 1937, at which time the girth records were again collected. 

At the time of transplantation of seedlings from seed to nursery beds 
during July to September 1936, 24 seedlings of eight different varieties were 
selected for a study of root system. These plants were excavated with con- 
siderable care, a trench being dug out on either side and the roots traced as 
fer as practicable to their ultimate tips. The root systems were then drawn 
and described in situ, and were finally reconstructed ; and one specimen from 
each variety was mounted on cardboards and photf)graphed. The descrip- 
tions recorded from these studies along with the data collected on the extent 
of success in transpbantation of seedlings have been utilized to obtain an 
idea of the possible influence exerted by the various root systems on the life 
of the plants subsequent to the operation of transplantation from seed to 
nursery beds. 

A separate batch of 96 seedlings of eight different citrus varieties were 
also planted in September 1936 in a separate plot at a distance of six feet 
from plant to plant and eight feet from row to row for pursuing the study of 
roots in later stages of growth. Six seedlings of each of these varieties were 
budded to a selected chinee orange tree in January 1937 and the other six 
were left to grow as unworked seedlings. One budded plant from each variety 
along with an unworked seedling of the same Variety was lifted every year 
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during the following three years for a comparative study of the root system 
as stated above. 

The actual budding operation of the finally selected seedling rootstocks 
for the main experiment both with orange and lime scion was done in July 
1937 by one operator. The finally selected budded orange and lime plants 
were planted out in October, 1938. 

The plan of layout of the orange rootstock trial as approved hy the 
Statistician of the Imperial Council of Agricultural Research consists of six 
replications or blocks for ten treatments. Three trees on each of the nine 
rootstock varieties and three chinee orange seedling trees w^erc planted out in 
each block, the position of the trees within each of the 60 sub-plots and that 
of the treatments within each of the six blocks having been determined at 
random. The plants were planted by the quincunx system with a spacing 
of about 28 feet from tree to tree. 

The soil of this plot was analysed by the Government Agricultural Che- 
mist, Coimbatore ; and on the basis of his report it is found that the soil 
is red sandy loam of great depth with about 25 per cent of finer fractions in 
surface layers, and more of clay fractions in the lower strata. The pH of 
the soil is almost neutral in reaction, being 7-5. The total water-soluble 
salts are very low with no difference between the surface and sub-layers. The 
water-holding capacity and the pore space are also uniformly fair. The area 
is, therefore, considered to provide ideal plots for this type of experimenta- 
tion. 

In the case of acid lime trial, the plan of layout consists of six replica- 
tions of four treatments (budlings on three rootstock varieties and acid lime 
seedlings). The spacing adopted in this case was 20 feet square. The soil 
analysis of tlie plot reserved for this trial shows that this plot is identical 
with that used for the orange rootstock trials. 

At the time of planting the trees in both the experiments measurements 
of trunk thickness of the rootstock stem and scion stem and of the height of 
the plants were collected and recorded. Once a year such records are pro- 
posed to be collected in future so as to trace the differential growth effects 
under each of the treatments. In the present paix*r, the data relating to the 
scries of measurements collected in the orchard immediately after planting 
are only discussed along with those collected prior to the planting. 


Data and inferences 
i. Chinee orange rootstock trial 

In Table I are presented the data collected on germination and ployem- 
bryony, etc. in seed beds and growth and variability in nunscry beds, in the 
case of various rootstock varieties for chinee orange. 

Table I shows that wide differences exist between the various varieties 
particularly with regard to the growth prior to the budding stage. Clear 
differences are also observed in regard to the phenomenon of ployembryony as 
determined on seedling counts, and percentage of germination. 
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Table I 

Summarized growth record and other observations on seedlings 


{Rootstock trial for cbinee orange) 


i 

1 

Serial! 

No, 

Variety of root- 
stock 

Ger- 

mina- 

tion 

Time 
taken | 
for 
ger- 
mina- 
tion ' 
in 

days 

i 

1 

Seed- 

lingR 

from 

apogamic 

embrj'os* 

Buddable 
plants 
with a 
diameter 
of 

O-70om. 
or above} 
at 9" 
height 
on 

7-11-36 

Aver- 

age 

height 

Nov- 

ember} 

1036 

Coeffi- 
cient of 
varia- 
bility 

Average 

diameter 

at 

12 cm. 
height 
in 

Novem- 

ber, 

1936 

Coeffi- 
cient of 
varia- 
bility 

. i 


Per cent 


Per cent • 

Per cent 

cm. 

Per cent 

cm. 

Per cent 

1 ! 

j 

2 

8 

4 

5 

6 

7 

8 

0 

10 

1 

Sweet orange 

iChinse) 

4300 

20 



38-80 

20-00± 

0-87 

0-33 

32-83± 

0*01 

2 

KiehUi 

78-37 

16 

67-00 

6-0 

65-80 

24-66 d: 
0-26 

0-50 

21-80± 

0-01 

S 

Oajanimma 

62-80 

19 

66-10 

69-0 

60*80 

20-25± 

0-84 

0-74 

26-68± 

0-01 

4 

Gabbu china 

80*00 

17 

4-30 

2-0 

43-60 

26-61± 

0 78 i 

0*42 

24-88 db 
0-01 

5 

Jamberi 

99-10 

20 

78-40 

68-0 

62-00 

1 

23 06i 1 
0-95 1 

1 0-68 

27-20db 

0-01 


BiUikiehUi 

85-20 

24 

16-60 

... 

34-90 

1 

84-41± 

0*84 

0*34 

29-ll± 

0-01 

1 

7 ^ 

Fummelo 

91-00 

17 

- 

12-0 

86-80 

36-28± 

1*44 

0-60 

28-00 db 
0-01 

8 

Acid lime 

80-00 

20 

38-66 

8-0 

64-60 

22-43 

0*83 

0-46 

26-22± 

0-01 

0 

HeraU 

60-00 

(•) 

2-06 

(•) 

(•) 

(•) 

<•) 

(•) 

10 

Chinee (unbudded) 

62-00 

20 

j 

1 

... 

19-10 

16-89± 

0-43 

0*21 

31-43i: 

O-Oi 

11 

1 

MokH 

82-00 

20 

1 

i 

81-9 

86-10 

27-68± 

0*98 

0*53 

; 3&-28d: 

j 0-02 


Note : — Chinee under item No, 1 is from a parent different from that mentioned under 
item No. 10, 

*Oalculat#d on the basis of actual number of seedlings obtained from 100 eeeds^ 

(*) Becords not available. 

In regard to the growth in the nursery, the data indicate that jamberi 
and gajanimma make the most vigorous growth during the first year. It is 
also seen that height measurements do not afford any uniformly reliable indica- 
tion of the suitability of the seedlings to receive bu^. 
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The data relating to seedlings from two different parents of chinee appear 
to disclose the fact that the rate of growth is a factor which is largely in- 
fluenced by the individual parent in this variety. 

The data coDected on percentage ‘ take ’ of buds on vigorous growing 
variants and also on the variability among these seedlings are presented in 
Table II. 


Table II 

Data- on 'percentage ‘ lake ' and gro'ioth of seedling variants as well as on varia~ 
bility among such seedlings at the time of budding 

{-Rootstock trial for chinee orange) 


Bella] 

No. 

Boototock variety 

No. of 
vaiianta 
budded 

Date of 

1 budding 

i 

i 

i 

; Percentage 

1 * take * 

i 

Average 
diameter of 
rootBtock 
at the time 
of budding 
at 3 in. ; 

height 

(cm.) 

Coefficient of 
variability of 
seedlings at the 
time oi budding 

Per cent 

1 

Sweet orange 

»• » 

1 




2 

Kickiii 

64 

; 7-1-37 

87-30 

0-88 

10-51i0-01 

3 

Qafanimma 

63 

9-1-37 

; 77-86 

1-19 

13-46±001 

4 

Oabhu-ehines 

79 

3-1-37 

65-70 

0-71 

12-52d:001 

5 

Jamderi 

60 

6-1-37 

86-00 

1*28 

10-02±0-01 

6 


6 

9-1-37 

100 00 

0-66 

9 09i0-05 

7 

Pnmmelo 

16 

< 10-1-37 

66-26 

0-84 

12-55±0-02 

8 

Acid lime 

26 

Do. 

80-00 

0-79 

ll-40±0-01 

9 

MoM 

23 

Do. 

1 

69-67 

0-86 

l2-56±0 02 


Although the number of individuals worked were limited, and \faried 
between varieties, the data in Table II nevertheless point out to the exis- 
tence of fairly large differences between the several rootstock varieties in 
regard to the successful ‘ take ’ of chinee orange buds. 

The data also show that the coefficient of variability in stem size of the 
variants is considerably less than what was found in the seedlings of the 
respective varieties two months before. This leads to the hope tliat the 
final set of seodlings selected for raising the experimental plants will be fairly 
uniform at least in so far as the measmrements of stem thickness are con- 
cerned. 

The preceding observations, however, require to be confinned. This was 
done at the time of working the seedlings selected finally as the least variable 
in each rootstock variety. 

Table IH shows the mean increase in rootstock stem girth of the variants 
till the time of transplantation of budded plants to fresh nursery beds in July 
1937. 
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Table III 

Number of budded plants on moat vigorous variant rootstocks and their mean 
growth increments till the time of their second transplantation in 

nursery beds 


{Bootatock trial for chinee orange) 


Serial 

No. 

Rootstock variety 

1 

No. of plants 

Mean increase 
in stem diameter 
cm. 

1 

Sweet orange 

NU 

Nil 

2 

Kichili 

34 

0-308±0‘046 

3 

Oajanimma 

26 

0-256±0-041 

4 

Oabbu-chinee 

24 

0*224±0 043 

5 

Jarnberi 

17 

0-268±0 073 

6 

JSl/ll% "‘Jc^ch'lrlt 

6 

0167 

7 

Pufnmelo 

3 

0-084 

8 

Acid lime 

13 

0169±0 077 

9 

Mokri 

6 

0183 


The number of plants in pummeloes, biUi-kichili and mokri is too few to 
be included for statistical test. In respect of other rootstock varieties, it is 
found that kichili has shown the largest rate of increase while jarnberi, gaja~ 
nimma and gabbu-chinee follow in the order in which they are given here. 

In the following June 1937 when the measurements of trunk thickness 
of the unworked seedlings were collected, attempt was made to determine the 
extent of uniformity of these seedlings. The data are graphically represented 
in Fig. 1, which shows the frequency diagram and illustrates the distribution 
of trunk thickness of the seedlings of five of the rootstock varieties which had 
a large population in each. Of the five curves, jarnberi alone gives a nearly 
normal curve with B2=2*9602, and Bl=0'0813, but the theoretical curve 
does not give a good fit to observation. In other cases the curves 
approximate to Pearson’s type I, but do not give a good fit to observed 
data, especially in the case of gabbu-chinee. The standard deviations range 
from 0’83 cm. in acid lime to 1*23 in gabbu-chinee. 

Due to the high variability of the samples and in order to get uniformity 
in the materials, selections were made from the modal class only in the case 
of five rootstock varieties for budding. In other four varieties it was not 
possible to select individuals from modal class owing to the limited number 
of seedlings present. Table IV represents the number of individuals 
falling in the modal class and their tn^ thickness. 






Stem thickness 
Fio. 1 
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Table IV 

Number and proportion of seedlings in the modal class unth central values 
and mean diameter measurements of different rootstocks 

(Bootstock trial for chinee orange) 


Rootstock variety 

No. of indi- 
viduals in 
modal class 

Percentage of 
seedlings in i 
modal clas.«« 

Central value — 
diameter 

om* 

> 

j Mefiui value-* 

' diameter 

1 cm. 

Jamberi 

139 

39*95 i 

4*821 

j 

j 4-369 

Kichili j 

228 

39*72 

2-760 

2-797 

Oajanimma j 

1 

98 j 

26*32 i 

4-321 

4-326 

OabhU’Chinee { 

123 

31*87 1 

2-760 

2-776 

Acid lime 

120 

1 

46*51 j 

2-760 

2-791 


It is seen that jamberi and gajanimma have shown a greater stem thick- 
ness in the modal class than the seedlings of the other three varieties. 

At the time of transplantation of seedlings from seed to the nursery 
beds, all the undersized and weak seedlings were rogued out once, and 
the rest were graded into three groups according to the size of the plants, 
and seedlings of each of these three grades were planted in separate but 
contiguous nursery beds. 

Table V gives an idea of the extent of roguing out performed, number 
of plants falling under each grade and the significance of difference 
between the seedlings of each of these grades based on their stem girth mea- 
surement at the time of budding in July 1937. 

It is evident from Table V that there is no significant difference 
between any of the grades in gabhu-chinee, gajanimma and acid lime, 
which therefore appear to be the least variable of all the five rootstocks. 
Kichili, on the other hand, appears to be most variable because of the signi- 
ficant difference between the A and B grades, and A and C grades. 

In view of the repeated roguing out of the undersized and weak plants 
and of variants in seed and nursery beds respectively, and the further pre- 
caution taken in selecting only the individuals frnm the modal class in five 
rarieties, no further steps appeared necessary for having the most uniform 
seedling rootstocks for the purpose of this trial. Nevertheless, as the number 
of individuals in the modal class of some of the varieties was large, it was 
found necessary to make a further selection of individuals out of those finally 
selected groups, so as to restrict the budding operation to a conveniently 
manageable number. Unfortunately, a uniform number of plants could not 
be obtained in the case of all rootstock varieties, mainly b^use of the in- 
adequate number of pkuits raised in their case. 
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In Table VI are presented the number of individuals finally budded, 
their mean girth, the coefficient of variability and the percentage ‘ take 
The budding was done by one operator with scions obtained from a single 
chinee orange tree from 4th to 12th July 1937. 

Table VI 

Percentage ‘ take ’ and mean stem diameter and variability at the time of budding 

chinee on nine rootstocks 


(Rootstock trial for chinee orange) 


Serial 

No. 

Rootstock variety 

Number 

budded 

Date of 
budding 

1 

Percentgae 
• take ’ 

1 Average 

1 stem 

I diameter 
jat the time 
•c*f budding 
(cm.) 

Coefficient 

of 

variability 
' per cent 

1 

Chinee 

24 

1 12-7-37 

96-83 

2-48 

18-43 

2 

Kichili 

60 

1 7-7-37 : 

88-00 

2-66 

6-00 

3 

Oajanhnma 

60 

9-7-37 1 

i 90-00 

4-24 

3-12 

4 

Gabbu’chinee 

60 

9-7-37 

64-00 

2-80 

7-87 

6 

Jamberi 

61 

4-7-37 

92-00 

4-27 

3-65 

6 

Hl/ll'i " Jc hchil'b 

35 

11-7-37 ! 

62-25 

2-58 

7-62 

7 

Pummelo 

28 

12-7-37 

96-46 

2-99 

17.90 

8 

Acid lime 

35 

11-7-37 I 

97-14 

2-80 

9-42 

9 

Mokri 

30 

12-7-37 : 

1 1 

96-67 

2-92 j 

23-63 


The afore-mentioned data denote that the ‘ take ’ is very high on all 
varieties except on gabbu-chinee and biUi-kichili. 

Jamberi and gajanimma seedlings appear to have produced the most 
vigorous seedlings at the time of budding, while chinee, billi-kichiU and kichili 
have produced the least vigorous individuals. 

It has been pointed out in the previous pages that the selection of the 
plants in the nursery beds leads to considerable narrowing down of the co- 
efficient of variability. The figures in Table VI further substantiate this 
hypothesis, as except in chinee, pummelo and mokri, which contain a few 
individuals under each, the coefficient of variability has been reduced 
considerably by the repeated roguing out of the variants. 

The finally selected budded plants of chinee orange on nine different 
rootstocks and seedlings of the same scion parent were planted out in their 
permanent orchard sites in October 1938. As stated already, mokri was 
replaced by herale, because of the availability of an insufficient number of 
uniform budded plants on the former rootstock at the time of planting. The 
latter rootstock was also raised almost at the same time and under similar 
conditions as those of the other eight rootstock varieties included in this 
trial. 

The details of the experiment and materials, other than those referred 
to in the foregoing pages, are given in Table VII, while the analysis of 
the measurements of trunk thickness of all the plants at the time of planting 
and of the diameter and height increments from the time of budding to the 
time of final planting in the orchard are presented in Tables VIII-XI. In 




IV] 


ROOTSTOCKS FOR CHINEE ORANGE AND ACID LIME 


613 


•sss 

H fH 


opoooooo 


5^0 0 
gio-^ 

‘tf 

O 


§ O lO 

08 35 

r* 


% d 

00 

OD 

00 

00 

00 

00 

00 

00 

oo 

QO 

O g-S 

eo 

eo 

CO 

CO 

CO 

eo 

CO 

CO 

CO 

e? 

CO 

CO 

CO 

CD 

CD 

CD 

CO 

CD 

CD 

CD 

© fi8 

’S'S d 

Q S J 

CO 

00 


o 

6i 


04 

6 

l>-< 

1— 1 

Id 

l«^ 

1 


s a 

• o 

: P ^ 


50 r* 1 

p Id <d 
4/ CO eo 
►h oa o , 


W £ I 
a 


f s 

6 o 


lO 

eo oi 


& 



CO 

CD 

CD 

CD 

CD 

CO 

CO 

CD 

CO 

oo 


s.i ® 

eo 

CO 

eo 

CD 

CO 

CO 

eo 

CO 

eo 

c? 

<N 

.s: 

“I ‘5 

%o 

CD 

rj- 



CO 


CO 

00 
CO cs 

CD C 

ll*§ 

Q E 

Id 

cs 

6 

eo 

1- 

04 

QO 

CO 

a> 

6 

CO 


00 




Id 

Id 


Ift 

Id 

Id 

CO 

Id 


Id 


w 

d 

e? 

CO 


CO 

CO 

eo 

CO 

CO 


CO 


f-H 

P-4 

P-4 

6 


6 

CSI 

04 


6 

©4 

p° 


es 


Q 


«4< 


t> 

eo 

Q 


O 





es 

P-4 


C4 


cs 


^oj c ca O Q [4 o 


^ © s 

• Qu • |L £ 0> 

*3 oe§ 

imli 

S § S.58 o o 
Pk!?MS5 0Qfc 

,4 C4 CO ^ OO 


I I 

1 2 I 

S BQ 


s 

c « 

a s 

PLi (3;: 




Extent oF rogiiing in seed beds has been given in. Table 




Ameats under or ebovo the rune bw do not differ ei gnWM^ Hy ihnn 



Btm lUf regarding the height meaaurements of chiaee orange rootstock varieties and of chiaee orange seedlings 

at the time of final planting 
(Orange rootstode trial) 



(Treatments under or above the same bar do not differ significantly f^om each other) 



Rootstock trial for acid limes 
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the case of diameter measurements of budlings at the time of planting, the 
data have been collected at two different places, one around the rootstock 
stem at one inch below the bud-joint and another around the scion shoot one 
inch above the bud-union. 

It is evident from these data that among the budded plants, jamberi is the 
most outstanding of all the rootstocks, since it has not only registered the 
highest increase in diameter of rootstock and scion stems but also has produced 
the largest sized plants at the time of final planting. Though chinee seedlings 
had a relatively poor stem thickness in comparison with other rootstocks 
at the commencement of their orchard life, they had recorded the largest 
trunk thickness increments during the preceding year. The latter feature 
can only be explained by the fact that the retarding influence of budding on 
growth was non-operating in its case. 

Bitti-kichUi, acid lime, chinee and pummelo have produced the lowest 
sized plants at the time of planting, but trees on chinee rootstock had however 
registered very large growth increments during the preceding year to an extent 
comparable to the plants on jamberi. In respect of the size of the rootstock 
stems at the time of planting, chinee on gajanimma is almost on a par with that 
on jamberi. 

2. Lime rootstock trial 

In Table XIT are given the data collected in seedbeds on seedlings of 
rootstocks raised for this trial. 

The percentage ‘ take ’ obtained by budding the variants during the third 
week of January, as well as the mceusure of variability in terms of rootstock 
stem diameter are given in Table XIII. 


Table XIII 

Percentage ‘ take ’ of acid lime scion on some roostock variants with the rootstock 

size and variability 


Rootstock v'arioty 

j 

No. of j 
vor Hints j 
hnddod 1 

i 

[ Date 

1 of 

1 budding 

1 

Per- 
cf'ntage 
‘ take ’ 

i 

Average 
diametf'r 
of stock ; 
at the 
time : 

of 

budding | 
3 in heiglit 
(cm.)’ 

1 

Coeffi. 

cient 

of 

variabi- 

lity 

pf'r cent 

1 

Kichili 

52 

1 

lSl-37 

11-54 

0*75 ! 

11-20 

2 

Qajanimmn 

50 

20-1-37 

64-00 

1-01 

13-07 

3 

Jantberi 

60 

22-1-37 

60-00 

Ml 1 

13-97 

4 

Qabbu^chinee 

51 

16-1-37 

17-05 

0-78 ; 

10-27 

5 

Acid lime 

26 

21-1-37 

11-54 

0-81 ! 

1 

11-68 
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It is observed that all the five rootstock varieties have given a lower 
percentage * take ’ with acid lime scions than with scions of chinee orange. 
This variation is particularly noticeable on kichili, gabbtt-ehinee and acid lime. 
It has also been observed that the period taken for the acid lime buds to sprout 
was markedly greater than that taken by chinee buds on similar rootstock 
varieties. These observations appear to point out to the existence of differen- 
tial extent of congeniality in the different combinations of rootstock and scion 
varieties ; or in other words, different scion varieties appear to req>ond dif- 
ferently on a given rootstock variety. 

As in the rootstock trial for chinee orange, the extent of variability in the 
variant seedlings of all the rootstock varieties have been considerably narrow- 
ed down as a result of selection. 

The number of vigorous growing seedling variants selected for budding 
in this experiment was limited, and except in the case oijamberi and gajanimma, 
the stem diameter records have not been collected as in the case of orange 
scion. The number of the budded variants on gajanimma was 17 and on 
jambeti 16, and the increase in stem diameter from the date of bud-insertion 
on 20th January 1937 to the date of primary transplantation on 16th July 
1937 was O’ 88 cm. and 0 - 82 cm. respectively. 

The number of individuals in the modal class of each of these rootstock 
varieties along with their central values are given in Table XIV. 

Tablb XIV 


Proportion of seedlings in the modal doss with mean and central stem diameter 

value 

(Rootstock trial for acid limes) 


1 

Serial ! 

No. : Rootstock variety 

; 1 

No. of 
individuals 
in the 
modal 
class 

1 

' Percentage ! 
of ; 

seedlings in ' 
the modal 
class 

1 

Central 

value 

diameter 

cm. 

Mean 

value 

diameter 

cm. 

] 1 Kichili 

228 

! 

39-72 

2-75 

2-797 

2 j Oajanvmma 

83 ^ 1 



3-683 

3 j Jamheri 

84» 

• • 


2-274 

4 1 Qahbu-chime 

114 

36-30 

2-75 

2-816 

5 j Acid lime 

120 

1 

46-61 

2‘75 

2-766 


* Due to limited number of individuals, the seedlings having the narrowest range of 
variation were selected in these varieties. 


Table XV shows the final number of individuals budded to acid lime, 
their mean stem diameter, coefficient of variability and the percentage 
' take ’. In this case too, the budding was done by one and the same operator 
as in orange rootstock trial. 
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Table XV 


PercenJlage ‘ take ’ tmth acid lime scion arid average stem diameter and variability 
of rootstocks 


Serial 

No. 

1 

Bootstock variety 

Number 

budded 

1 

1 

Date 1 
budding | 

Per- 
centage 
‘ take * 

Average 
diameter 
at the 
time 

budding 
in cm. 

Coeffi- 

cient 

of 

variabi- 
1 lity 

percent- 

1 

1 

Kichili 

60 

16-7-37 i 

18-0 

2*76 

9*40 

2 

Oajanifn/tna 

50 

18-7-37 1 

50*0 

3-68 

4-84 

3 

Jdmberi 

57 

16-7-37 1 

420 

4-35 

18 00 

4 

' Oabbu-chinee 

60 

19-7-37 ; 

160 

2*62 

8*68 

6 1 

Acid lime 

35 

14-7-37 

80-8 

2-86 

: 11-60 


I 


Due to the limited number of budded individuals on kichili and gabbu-chi- 
nee, these two rootstock varieties had to be left out of the trial. Uniform and 
healthy budlings of acid lime on the remaining three rootstocks, viz. jamberi, 
gajanimma and acid lime, and seedlings of the same scion parent were finally 
selected and planted out in their permanent orchard sites in October 1938 
according to the layout described already. 

Details of the plant material used, key to treatments, etc. are furnished 
in Table XVI. 


Table XVI 


Key to treatment, details of plant material used, layout, etc. 
{Rootstock trial for acid limes) 

1. Plot size 

2. Number of replications 


3. Number of trees in each plot 

4. Spacing 

5. Scion material used 


6. Scion performiuice 

7. Dat« of planting 


60 ft. X 20 ft. (0 0275 acre) 

6 

3 

20 feet (square). 

Acid lime ; tree No. 4/6, N. K. Garden^ 
Kodur 

f Yield Number 

I of 

{ fruits 

I 1935-36 .... 2,000 

f 1936-37 .... 2,600 

20th to 21st October 1938. 


Rootutock variety | 

! 

1 

i 

1 

Key 

to 

treat- 
menta ' 

Date 
! of 

sowiug 

1 

Extent 1 
of ! 

roguing 1 
out 1 

In j 

jiecd- ! 

l^s j 

(per cent) 

1 Date of 
i primary 
[ traiiFplan- 
tntion 

, Extent 
of 

rogniiig 

out 

in 

nursery 

beds 

! (per cent) 

Date 

of 

budding 

Date of 
second 
transplan- 
tation 

Jambtri 

A 

i i 

19-12-85 

^'il 

3-7-36 

40 -tH) 

35-7-37 ' 

18-6-38 


11 

18-11-85 

j 52-50 

1-7-36 

40-00 

18-7-37 1 

14-6-38 

Aekl lime . 

C 

23-11-35 

14-50 

7-7-36 

40 00 

14-7-37 j 

14-6-38 

Aold lime (seedl- 
ing) 

1> 

! 28-11*35 

14-50 

7-7-36 

40-00 

1 


j 15-6-38 



Table XVII 

Summary of rmilis regarding the diameter measurements of rootstock stems and of stems of seedling trees at the time 

of final planting 

(Acid lime rootstock trial) 
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As in the chinee orange rootstock trial, stem diameter and height measure- 
ments of the plants collected at the time of final planting and the stem dia- 
meter increments from the time of budding to that of final planting hav(‘ 
been analysed, and these are set forth in Tables XVII — XX. 

These various data make it clear that jamberi has produced the largest 
rootstock stem thickness at the time of planting, while acid lime rootstock has 
produced the least. During the pre-orchard life also the latter has produced 
the smallest growth increments in regard to rootstock stems, but no significant 
difference is evident between it and gajanimma rootstock. With regard to 
the stem thickness of the seedlings and the scions, it is found that jamberi 
and acid lime seedlings have produced the largest increments at the time of 
final planting whereas the plants on acid lime and gajanimma rootstocks 
have occupied the lowest ranks. 


3. Citrus root studies 

The data and observations collected from root excavations carried out 
daring 1936-37 are given in Table XXI. 

It is seen from the data presented herein t hat a ( olloction of seedlings of 
any of the varieties include plants of differing root ha])it. 

In spite of this range of variation, certain specific or varietal charac ters 
are indicated from these data especially in regard to deptli of root, the quantity 
and distribution of fibrous and lateral roots, extent of branching of roots and 
the stem : root ratio. From these preliminary studies, the following different 
types of root systems a]jpear to be associated with different varieties : — 

Kichili : — Stout but comparatively short latc^rals ; deeply anchored. 
Branching of roots mainly towards the extremities of the main 
tap-roots. Sparsely fibred in the upper soil layers but moderately 
fibrous towards the lower ends. Appears to make relatively 
dwarf plants in the nursery in proportion to depth of roots. 

Gajanimma : — Very stout tap-root and few laterals on the upper layers, 
but these are well distributed. Noticeably free in sending out 
now adventitious roots. Fairly abundant and well distributed 
fibre throughout the root system. Deep rooted. 

Jamberi : — Abundance of coarse and spreading laterals, with a good 
amount of well distributed fibre. Stout and deeply anchored 
tap-root. Spread of laterals more marked than in gajanimma 
and kichili and with more abundant fibre, a good proportion of 
which is confined to surface. 

Pummelo : — A compact root system with many strong and spreading 
laterals. Well fibred. Has a short but stout tap-root, Ap|:>ear8 
to have a tendency to grow somewhat horizontally in the upper 
layers of soil. Makes the la-rgest top growth in nursery in pro- 
portion to root depth among all the varieties. 

Acid lime : — Medium to small root system. Fibre sparse except towards 
the extremities, where coarse laterals are fairly well supplied 
with fibre. Tap-root thin. 



Jud. -/. A(fn'r. Sn , 10, I’ait fV' J 


IM.ATK Will 



Frc. :] 


Kuj. 1 







Fk;. .‘5 Fig. 






Tablk XXI 

Hecords on root system of citrus seedlings (1936-3/) 
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Oahbvrchinee \ — The largest tap-root extending up to 189*8 cm. from 
soil surface was found in this variety. Roots appear bare in 
comparison witfi other varieties. The tap-root fairly thin. 
Sparse and poor spreading laterals with little fibre. 

Sweet orange {chinee) : — Well balanced root system between medium 
coarse laterals and moderately abundant fibr(\ Stout tap-root. 
A large proportion of sj)reading laterals and fibre in upper layers 
of soil. 

BiUi-kichili : — Reseml)les gahbu-chinee, except that in this variety llie 
roots are less penetrating and have slightly better spreading 
laterals. Fair amount of fibre tow ards the low^er soil layers. 

A point of interest revealed fiY)m this study is the enormous depth to 
which the roots of some of the citrus varieties find their w ay at a very early 
stage of their life in the seed bods. The close 23lanting i]i seed beds is undoub- 
tedly the primary caust^ for tliis root habit. Since the roots are usually pruned 
to a depth of 15 to 30 cm. at the time of transplantation, the study indicates 
the enormous extent of pruning (in one instance as much as about KiO cm.) 
given to the roots. 

Ill addition to the above-mentioned studies, 45 more root systems of 
seedlings of different varieties of citrus were also examined at different periods. 
The observations made on these plants appeared to confirm, in general, the 
descriptions summarised ab(>ve. 

In Table XXII are given tlu*- percentage of .success (d)taincd by trans- 
planting the seedlings of these eight different vaihdieh during the same 
year. 


Tablk XXII 

Percentage, of living plants in different varietui of citrus after transplantation 


'rial 

Variety 

L)at<‘ of 
sowing 

j t»r 

j transplant- 
I ’ng 

! No. of 

1 seedlings 
, transplanted 

Percentagi' 

of 

success 

1 

Kichili 

17-11-35 


J 788 

89-88 

2 

QajaninwiKt 

17-11-35 

3('.t>-3(> 

612 

87*76 

3 

Gajanimnfft 

18-11-35 

]-7-3(i 

414 

86*71 

4 

Jvm}heri 

12- 11 -.35 

2r)-6-3() 

! 738 

97*16 

5 

Jainberi . 

19-12-35 

3-7-3(i 

I 

96-23 

6 

Pummelu . 

17-12-35 

9-7-3fi 

1 

1(K)0(> 

7 i 

Acid lirae . 

23-11-35 

7-7-30 

{ 436 

73-39 

8 ; 

Qahhn -chinee 

24-10-35 

3-7-30 

I 807 

67-41 


Oabhn -chinee 

24-10-35 

5-7-30 

833 

66-42 

10 1 

Sweet orange {chinee) 

23-11-35 

9-7-36 

! 36 

100-00 

11 1 

( 

BUli-lichili 

19-11-36 

8-7-36 j 

' 109 

64-22 


From^ a reference to Tables XXI and XXII and descrij>tions of root 
systems, it appears possible that the success in transplanting is dependent 
upon the character of the root system. An abundance of fibre in the upper 
soil layer or shallow^ scaffolding of laterals appear to be favourable for (‘issuring 
a good stand. 
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During the period, October 1937 to March 1938 and again during 1938-39, 
one budded chi nee orange plant on each of the eight rootstocks and an un- 
worked seedling of the same rootstock variety, out of the batches of plants 
specially raised for this purpose were excavated for a study of root systems 
(Plates XVIII — XXI). The data collected in the course of former root 
ex(^avations are summarised in Tables XXIII and XXIV. 

It is realised that the data furnished in Tables XXIII and XXIV are 
not sufficient to gather an accurate idea about the varietal characteristics or 
of the peculiar habits of the unworked or budded plants on any given variety. 
Notwithstanding these limitations, the outstanding differences observed in 
these root excavations are considered to be of sufficient interest to be sum- 
marised in the present paper as will also be evident from the perusal of the 
following inferences. 

(^0 1^^ ^'^se of yabhn-chinee and countrj' sour orange rootstocks, the 

height of the bud-sprouts has shown to be even more than the 
height of the unworked seedlings. Whether this surprising fact 
is due to the variation in the individuals or due to invigorating 
c‘ffect of these particular stock-scion combinations, it will be 
impossible to clearly state on the basis of the variable data. 

(h) Of all the varieties, swTet orange has shown the least growth in 
terms of height both as an unworked seedling and as a root- 
stock. 

(c) In regard to stem diameter measurements, kichili has shown rela- 

tively poor growth both in worked and unvorked seedlings. 

(d) The total weight of the plants above ground is found to be more 

in budded plants on country sour orange and jamberi than in 
the unworked seedlings of these varieties. This, again, is at 
present an inexplicable point. Sweet orange, country sour 
orange and kichili have registered rclatiA^ely low weight of top 
gi'owth. both in the case of unworked seedlings and when used as 
rootstocks for orange. 

(e) Exc'Cjit on f/ajanimma, pummelo and sweet orange the budded plants 

have penetrated into greater depths of soil than the unworked 
seedlings. Kichili, however, has proved to be relatively shallow' 
rooted both as an unworked seedling and as a rootstock for sweet 
orange, while country sour orarige and khaita are on the other 
extieme. 

(/) The budded plants on gajanimma and gahhu-chinee have foraged 
on a large area than the seedlings of these tw o varieties. Both 
the w^orked and unworked seedlings of gajaiiimvm and khaita 
have recorded relatively large spread of roots, while kichili 
and orange have recewded the least in both cases. 

(g) Kichili, gabbu'chince and sweet orange have show n a larger number 
of laterals w hen emplojed as rootstocks than as seedlings. The 
number of lateral roots is relatively large on both worked and 
unw'orked seedlings oi jamberi and khaita, and relatively small in 
kichili. 



Table XXIII 

B^-cords on root systems of umvorked seedlings of different varieties of citrus 
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• The root system of this plant is not normal for tlie reason given elsewlj#*ri‘. 



Table XXIV 

Records on root systems of ihinee orange plants on different rootstodcs 
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The rool system of this plaot is not normal for thr reason Piven elsewhere. 
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(h) The total weight of the roots has apparently been considerably 

reduced in worked seedlings of gajanimma, Ichatt^, pummelo and 
jamberi. Both the worked and un worked seedlings of khaMa 
and jamberi have produced relatively heavier root systems, 
while Hchili, sweet orange and country sour orange have pro- 
duced relatively lighter roots. 

(i ) The weight of fibrous roots is observed to be more on worked seedl- 

ing of gabbuchinee than in the case of un worked. Marked re- 
duction in the weight of fibre is noticed in the worked seedlings 
of gajanimma, pummelo and jamberi. 

(j) In proportion to the entire root system, the fibre is more on worked 

seedlings of gahbu-chinee and pummelo than on unworked. The 
proportion of fibrous roots is found to be relatively large on both 
the worked and unworJ^ed seedlings of pummelo and sweet 
orange, and low in kichili, jamberi and khatta. 

{k) In relation to root, the top-growth has registered larger increase 
on worked seedlings of gahbif-chinee, country sour orange and 
jamberi than on unworked, while it remains the same in the case 
of khatta. Kichili has shown a larger top-growth in proportion 
to root, both as a rootstock as well as an un worked seedling, 
while sweet orange has shown proy)ortionately the least top- 
growth in both the classes. 

In the case of kichili seedling (Plate XX. fig. 1) and the budded orange on 
jamberi (Plate XXI, fig. 4), they were planted close to pits which had 
been dug about six months before their planting. The pits had been refilled 
a short while before the f)lanting of the trees. The loose media inside these 
pits has obviously brought about a marked influence on the root growth. The 
large increase in the size and number of lateral and fibrous roots inside the 
dug-out area on one side of the figure as contrasted with the normal develop- 
ment in the rest of the soil serves to emphasize the considerable influence 
that soil conditions exert on the root system of plants. 

The excavation and study of root system was repeated during 1938-39 
and the observations collected during that vear are set forth in Tables XXV 
and XXVI. 

The following inferences seem to be warranted from the data : — 

(1) Sweet orange has produced the smallest top growth in terms of 

height and stem thickness both as an unworked seedling and as a 
rootstock during the two years under study. This observation 
is further confirmed by the data relating to the weight of plants 
above ground level. In this respect, gojanimma^ jamberi and 
khatta would seem to mark the other extreme in producing the 
largest weight of top growth. 

(2) Almost the same position as that mentioned above has been main- 

tained by sweet orange both as an unworked seedling and as a 
rootstock in regard to the depth and spread of roots, total weight 
of roots, weight of coarse roots and weight of fibrous roots, 
whereas jambari^ khatta and gajanimma maintain the premier 
position in regard to these characters. 



Table XXV 

Records on root systems of unworked seedlings of different rootstock varieties 

(Citrus root studies) 
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Table XXVI 

Records on root systems of ehinee orange jjlants on different rootstocks 

{Citrus root studies) 
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(3) Ar against all other rootstocks and unworked seedlings, sweet 

orange seedling and rootstock have produced the maximum 
percentage of fibre in the root system in both the years under 
study iis well as possessed a greater root weight in proportion to 
the top weight. Kichili and gajanimma, when employed as 
rootstocks, on the other hand, have produced the least propor- 
tion of fibre in both the years. Pummelo perhaps comes close 
to sweet orange in regard to this character. 

(4) Jambf ri, gajaninifna, sweet orange and country orange have regis- 

tered a greater length of lateral roots when employed as root- 
stocks than as unworked seedlings. In a similar mannei*, 
gajanimma, sweet orange and kichili have penetrated 
to a greater depth when used as rootstocks. The percentage of 
fibre in budded plants has also been greater on gahbu-chinec, 
khatta, jamberi, gajanimma and pummelo than on unworked 
seedlings, while a relatively greater weight of roots is observed on 
gabbu-chinee, khatta, sweet orange and kichili rootstocks than on 
the unworked seedlings of the respective varieties. These 
various instances would seem to show the various directions in 
which the scion probably operates in modifying the inherent 
rooting habit of the seedling rootstocks. 

(o) A maximum depth of 320*00 cm. has been registered by a country 
orange seedling of about 38 months old, while in budded plants 
gajanim.ma rootstock has shown a maximum depth of 256*40 
cm. with the scdon of only about 21 1 months of age. Gaja^ 
nimma luis also contributed the largest spread of roots both in 
unworked and budded plants with a maximum of 639-80 cm. 
and 543.30 cm. respectively. 

(6) Sweet orange is marked out as the poorest both as a seedling and as 
a rootstock in regard to the depth and foraging power of the root 
system, although as a rootstock it appears to have definitely 
improved its rooting power. Since this variety has consistently 
produced the maximum percentage of fibre arid proportionatelx 
greater root weight, it would seem that its apparent Ij* poor- 
rooting habit cannot be coasidered as a disadvantage by itself, 
and that its inferiority seems to be mainly due to the relatively 
poor top growth during its initial period of life. 

The above observations are of special interest in affording some surprising 
indications of the enormous foraging power of roots of certain citrus varieties. 
The vast difference in the root spread between the plants on various rootstocks 
ivs evidenced by the maximum spread of 543*30 cm. on gajanimma of about 
21 1 months of age after budding and the minimum of 246*20 cm. on sweet 
oi ange of about 23 months of age after budding serve to emphasize the value of 
de termining the optimum orchard spacing for oranges of about the same age on 
different rootstocks. That the criterion for judging the suitability of a root- 
.stock does not appear to lie solely on the depth or spread of its root system 
but also on the proportion of fibre and root weight relative to shoot weight is 
yet another fact of possible importance indicated from these various studies. 
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It would also appear from a perusal of the foregoing data that there is a 
wide difference in the root systems of kichili and country orange. This fact 
strengthens the popular belief that these two are distinct varieties. 

Discussion 

Of the various rootstocks used in the investigations reported herein, 
useful information on the relative performance of such rootstocks as sour 
orange, sweet orange and rough lemon under diverse conditions of growth and 
culture' are alreadj^ available in citrus literature. To a lesser extent, the 
adaptability rootstock effect and incompatibility of pummelo, acid lime and 
C. tangerina Hort. Tanaka as observed in certain countries have also been 
made available by the respective workers. A valuable summary of the salient 
points in these various rootstock trials has been prepared by Hatton [1932]. 
The rootstock trial with chinee orange scion discussed in this paper includes 
two other citrus rootstock species and one new strain of sweet orange. In neither 
of these cases, any work has been done so far in any part of the world. Since 
these have presumably originated as chance seedlings in this part of India and 
have been observed to withstand neglect and drought conditions to a remark- 
able degree in certain parts of the Ceded districts of Madras Province, it is 
considered useful to test their rootstock potentialities along with those of the 
well-known rootstocks in use elsewhere. 

The soil of the plots in which the present investigations have been conduct- 
ed being red loam of great depth, the inferences deduced and presented in this 
paper can but be of application only to similar conditions. It is necessary to 
bear this in view, especially while discussing the various facts that have 
emerged from the root studies and growth increment data. 

The data collected on the percentage of apogamic seedlings produced by 
ditferent varieties indicate that the strains of jamberi, gajanimvia, kichili 
and acid lime used in these studies are highly polyembryonic, those of 
pummelo, chinee orange, and rnokri are monoembryonic and those of herale 
and gabhu-chmee are slightly polyembryonic. 

Since the present data are based on seedling counts and not on embryo 
counts, the above inlerences can bo only suggestive and not conclusive. As a 
matter of fact these inferences in respect of chinee and mokri are contrary to 
the findings of Webber [1931], who has determined the range in percentage of 
apogamic embryos in sweet oranges to be 40 to 95, and in citron 40 to 50. 
Webber has also found that sour orange is highly polyembryonic, accounting 
for 75 to 85 per cent of apogamic embryos. Quoting the findings of Torres 
who had worked with 50 seed samples in Philippines, Traub and Robinson 
[1937 1 have shown that the range of embryos per seed varies from 
1 to 12 in sweet (^ranges, 1 to 6 in rough lemon, 1 to 3 in sour oranges and 1 to 2 
in limes. Pummelo was the only variety that did not exhibit polyembryony. 
According to Torres, the average number of embryos per seed was the highest 
in sweet orange (4 88) and least in sour orange among the nine polj'embryonic 
varieties tested. The data adduced by Webber and Torres, thercifore, differ 
materially from each other in regard to the extent of polyembryony in sour 
oranges, while in respect of sweet oraJige, the data presented in this paper on 
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the basis of a study with 100 seed samples vary from those of either of these 
workers. In a separate trial with about eighty seeds of cMnee orange, it 
was also found that not a single seed produced more than one seedling. Torres 
[1936] has also shown that the correlation between embryo counts is statis- 
tically insignificant, although he argues that the more embroys the seed 
contains the weaker they will be and the less their chance of successful germi- 
nation. Jn the face of all these various findings, the only valid inference that 
is warranted is that the pummelo is definitely monoembroynic, and the appa* 
rently monoembryonic nature of chinee orange and mokri may ])erhaps be due 
either to the variation between the horticultural varieties of sweet orange and 
citron or to the effects wrought by environment in the tree or in seed beds. 

With a variable material as that obtained from seedling rootstock, the 
first problem that confronts the worker initiating the field experiments with 
citrus is that of increasing the uniformity to the maximum extent possible. 
The system of roguing out of the variants and under-sized seedlings and selec- 
tion of seedlings from the modal class as ]>racti8ed in these, investigations has 
clearly narrowed down or restricted the variability in so far as the quantita- 
tive measurements of growth are concerned. It is to be seen if these measures 
will reduce the variability in respect of tree performance also in later years. 

The proportion of seedlings in the modal class arc found to be tfie largest 
in acid lime, jamberi and kichih and least in g<tjaninima . The under-sized 
and weak seedlings have formed the largest proportion in gajanimrnn and 
least in acid lime. On an analy'sis of the graded seedlings after transplantation 
from seed to nursery beds, it is however, found that kichiJi is the most variable. 
Since a large percentage of seedling variants had been separated out in the case 
of gajaniynnm and a very large percentage amounting to 43*34 of under-sized 
and weak seedlings had also been rouged out, it is obvioiis that high uniformity 
ohserv^ed in the gr^ided seedlings of this rootstock cannot be considered to 
afford a true index of its inherent variability. Similarly, tlic iinitV)rmitA' 
of gabbu-chinee as observed in the final batch of seedlings is" due to tlie larger 
number of variants budded previously and also the high proijortion (35*42 
per cent) of under-sized and weak seedlings rogued out. On the other hand, in 
s])ite ot the separation of a large numl>er of vigorou.s varianis and of 36*60 per 
cent of under -sized and weak seedlings in kichHi. tliis variety has contributed to 
exhibit a very high variability in the finally graded batch of seedlings. In 
the case of acid limes, however, the proportion of vigorous variants and of 
weak and under-sized seedlings was relatively small, notwithtanding which 
fact it has exhibited very high uniformity in the finally graded hatch of seed- 
lings. These various facts would show that, of the seedling progenies under 
study, acid lime is the least variable and kichili the most variable of all. 

Webber [1932] has recommended that the selection of seedlings in citrus 
nursery should include the discarding of smallest seedlings to the extent of 
about 25 per cent in the seed bed and roguing out of all variant seedfings irres- 
pective of size just prior to the plantings up to an extent of about 5 per cent. 
In general, the process of roguing out of small and under-sized seedlings and 
of variants and a further selection of uniform biidlings as adopted in these trials 
are in conformity with the recommendations of Webber and tend to impart 
the maximum uniformity in the budlings. 
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Both prior to the budding stage as well as till the time of planting, the 
jamberi rootstock has occupied the front rank in the matter of producing plant 
vigour. Oajanimma is on a par with jamberi in both the above-mentioned 
respects, which fact is also m consonance with the popular experience of the 
growers of this variety. Working with apple trees. Sax and Gowen [1923] 
have shown that under similar conditions, the trees show early and permanent 
differences in size, and these differences apparently depend upon variability 
of the seedling rootstocks. As to whether this early revelation of clear differ- 
ences in growth and vigour of seedlings will furnish a clue to its later behaviour 
or jierformance in the orchard is a point of undoubted interest, which cannot be 
elucidated at the present stage of these trials. 

It must, however, be mentioned that the rate of growth as well as the 
vigour is a factor likely to be influenced to a considerable extent by the indi- 
vidual parents within a variety. This is borne out from the differential pre- 
orchard performances of the sweet orange seedlings of two different parents. 

From the point of tlie nurseryman and citrus grower wlio would naturally 
welcome a knowledge of (certain easily discernible plant characters associated 
with several aspects of the nursery and orchard operation and i)erformance, 
the data presented in the ])aper arc likely to prove interesting. Kor instance, 
it has been brought out that height ineasurcnuMits of seedlings do not afford 
any reliable indication of the suitability of the seedlings t o receive buds, as the 
latter feature is mainly governed by the stem-thickness of rootstocks. Simi- 
larly, the rate of growth as observed in any particular period does not furnish 
a reliable clue to the ultimate vigour or size of the plant, ns the rate of growth 
has been found in the case of chinee seedling during the ])re-orchard life to be 
even more than the more vigorom jamberi. With regard to the * take ' of 
buds also, no reliable method is furnished from the data })resented herein of 
determining the suitability of the varieties on the basis of their growth or 
vigour, as the varieties that have produced the maximum ‘ take ’ neither 
belong to the most vigorous nor to the least vigorous class. 

It is observed that hilli-kicMli and pummelo have produced very high 
' take * of sweet orange buds at one time and a relatively small ‘ take ’ at a 
later stage, while gabbu-chinee has produced the least at both times. Sinc.e 
these results have been obtained only during certain seasons, and since there is 
likely to be some variation in the optimum period for bud-insertion between 
varieties, these results of bud ‘ take ’ are not intended to furnish a correct 
index. It is also possible that the period taken to reach the optimum stage 
for bud ‘ take ^ may differ to a certain extent between varieties. Evidence in 
support of this assumption is afforded from the fact that mokri which is 
usually considered to produce a very high ‘ take ’ in North India has not 
produced similar result in the present trials. These various points seem to indi- 
cate the fact that the optimum season for budding is not the same for all varie- 
1 les in all tracts and in all seasons. 

The differential * take ’ of buds with acid lime and sweet orange scion 
varieties particularly on kichili rootstock has been clearly brought out from 
these investigations. This has already been shown to establish the fairly well- 
understood phenomenon that different scion varieties respond differently 
to a given rootstock. 
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The merits of a given rootstock has to be judged not only on the basis of 
vigour and yield but also on its susceptibility to diseases and pests and on the 
extent of its compatibility with the scion variety. Although evidence has 
not been presented in the foregoing pages on the former factor, field observa- 
tions have, however, revealed that gajanimma is the most susceptible of all the 
rootstocks to gummosis and pummelo and acid limes probably to withertip 
and canker respectively. Regarding the compatibility it is too premature to 
deduce any inferences, although the slight differences Ix^tween the rootstock 
and scion-stem girth measurements seem to afford some preliminary indi(‘a- 
tions of partial incompatibility. With the collection of such measurements in 
future years it is expected that a more definite idea would become available. 

It is recognised that the number of individuals excavated in each variety 
for the purpose of root studies are limited and, therefore, definite inferences 
are not warranted on the basis of the data gathered from these investigations. 
It has to be remembered, however, that in an investigation of this type, prac- 
tical difficulties in the way of handling large populations within a reasonably 
short period ar(‘ enormous, which fact also rules out the oi)servanee of ident ical 
conditions for the conduct of these studies. It is on thc^se grounds that the 
extensive literature comprising results often based on the studies of root systems 
of a single individual can 1 k‘ justified. A further evidence in support of the 
justification of these studies of root systems and of the infenmees drawn there- 
from are afforded by the findings ofSwarbrick and Roberts [192S] that trees 
budded on the stems of seedlings have roots which aix* tyj)ical of the diffiaent 
seedlings. 

Apart from the sev<*ral int(*resting iXMmliarities of the* varitdies in regard 
to their root halats, certain valuable observatif)ns and iidcrences of practical 
value hav(‘ lunerged from these studies. The correlation ladwecui the su(‘cess 
in transplantation of seedlings and the abundance of fibn* in tlu‘ upjx'r soil 
layer or the existence of shallow scaffolding laterals is one such information to 
guide the growers in determining the optimum period of transplantation. If 
the varieti(\s with low proportion of fibrt' in up|K'r ‘^oil layers are transplanted 
in early stages, the chances of higher mortality of seedlings are necessarily 
great. On the other hand, the same seedlings if allowed to remain in seed beds 
for a longer period to produce more fibre or shallow laterals the success in 
transplantation becomes greater. 

The enormous foraging power of roots of certain varieties as evidenced by 
the maximum depth of 189 8 cm. of about a ten-months-old gabbn-vhivee 
seedling and of 320*00 cm. of a 38-months-old .seedling of country orange and 
of 266*40 cm. of a budded orange plant on gajanimma after about 21 J months 
of bud-iasertion are sufficient to show the enormous area eovered by the citrus 
roots in soils of fairly open texture. This fact is further brought out from tlu‘ 
data relating to the spread of roots, which in the gajanimma seedling refi ned 
above had reached the maximum of 639*80 cm. and in the budded plant 
on the same ror)tstock to 543*30 cm. 

The above observations are not exactly in accord in some important res- 
pects with those made by other workers elsewhere. Waynick and Webber 
[1630] have stated that in North America about 90 per cent of the active root- 
ing area of citrus is in the upper 48 in. of the soil. West [1934] in Australia 
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has, on the other hand, foimd that the greatest ooncent ration of roots of citrus 
on rough lemon rootstock was at 30 to 50 cm. from the soil surface. Allwright 
[1935] has judged that in a 14 year old Washington Naval orange plantation, 
three-quarters of the roots of the trees were in the top two feet and very few 
deeper than three feet. Gregory [1935] in Trinidad has found that the majority 
of the feeding roots in three year old Marsh grapefruit trees were at a distance 
of 3-18 in. from the trunk. In the same study, Gregory has shown that the 
lateral spread of manured trees exceeds the average spread of the branches, 
which was 42 in. He therefore proceeds to suggest that the fertilizers should 
be spread evenly over a wide circle starting 3 in. from the trunk. On the basis 
of other published works, Gandhi [1939] has also pointed out that the roots of 
citrus are capable of extending to a distance of two to three times the spread of 
branches. The data presented in this paper clearly suggest that tree spread is 
not a reliable index of the feeding area of the roots, which, though depending 
on the variety of rootstock, nevertheless covers a very much larger orchard 
space than that actually encompassed by the top-growth. That the spread of 
apple roots in sandy soils is twice to three times as far as the branches has also 
been pointed out by Rogers [1934], and Rogers and Vyvyan [1934], who have 
consequently emphasized the necessity for manuring well beyond the spread 
of the branches. Cultivating only in a small circle round the tree and appli- 
cation of manures in a limited space have also been pointed by Susa [1934] to be 
responsible for restricting the absorbing root area. Provision of small basins 
of two to three feet wide around the tree trunk for application of water and ferti- 
lizers, as is usually done in the young citrus plantations in this tract is, there- 
fore, hardly sufficient to give the full benefit of these treatments to the growing 
tree. Nor will the determination of proper spacing merely on the basis of 
spread of branches will prevent root interlacing and the consequent competition 
between adjoining trees for soil moisture and nutrients. A definite alteration 
in citrus cultural practices, es[)ecially in the matter of spacing of trees, applica- 
tion of water and fertilizers, are therefore indicated under similar soil conditions 
as those employed in the present investigations. 

On a consideration of all th<' i*elevant characters as brought out from the 
present studies of the pre-orchard life of the various rootstocks, it would seem 
that jar/i6eri is the most suitable rootstock for chinee orange and acid lime. This 
variety has produced the highest germination, largest number of apogamic 
seedlings, a very high proportion of vigorous variants ready for budding 
within a year from sowing, a very large proportion of seedlings in the modal 
class and a very high ‘ take ' of orange and acid lime buds in different seasons. 
The seedlings also transplant well and make a good stand in nursery beds. 
The root system is well distributed, possessing an abundant fibre and 
good depth. The scions also grow very vigorously during the pre-orchard life. 
Furthermore, the variety lias not shown signs of susceptibility to any of 
the more important citrus diseases. Oajanimma though has shown to be a 
virgorous rootstock suffers from suel) serious defects as poor germination, 
relatively low proportion of seedling.s in the modal class indicating high vari- 
ability and a high susceptibility to gummosis. Pummelo, being monoembr- 
yonic, cannot possibly find favour as a rootstock. It has further produced 
varying percentages of ‘ take ’ with scion buds and is possibly susceptible 
to withertip disease. The varying * take ’ of buds on bilU-kichiU, poor 
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transplanting and the low proportion of vigorous seedlings variants are the 
defects which rule out this variety from the class of suitable rootstocks. Low 
percentage of apogamic seedlings and varying ' take ' of scion buds are 
defects in mokri, while gabbu-chinee merits no consideration, because of its poor 
‘ take ’ of both orange and acid lime buds, relatively low production of 
apogamic seedlings and poor transplanting habit possibly due to its bare root 
system in early stages. The production of abnormally deep root system in 
seedlings of this variety is, however, a character of some value, which deserves 
to be exploited. Chinee orange is very slow' in growth both before and after 
working, besides producing a poor germination and its non or low' production of 
apogamic seedlings. Its relatively higher weight of root relative to top grow^th, 
easy transplantation and well-balanced root system are, however, points that 
require to be considered in its favour. Kichili has shown a })oor ‘ take ’ 
with acid lime scion and has also not produced a very high germination of 
seeds or a high uniformity in seedlings. It has also sparse fibre in the root 
system in early stages. But for these few defects and possibly its relatively 
slow growth in the beginning, this rootstock (*an well be classed as one among 
the desirable. The data relating to herale is not comprehensive enough, even 
though its defects in the matter of poor germination and low- percentage of 
apogamic seedlings have been brought out. Acid lime has been found to be 
susceptible to canker and to be not so easy for transplantation as the jamberi 
nor as efficient in prcxiucing vigour in the budlings. In other respects, it 
obviously possesses most of the favourable characters of a good rootstock. 

The foregoing evaluation of the rootstocks cannot possibly furnish any 
clue to their future orchard performance. Nevertheless, the information 
present/cd in this paper is essential for a complete understanding of the prob- 
lem of rootstock-scion relationship in cultivated citrus. It is on these grounds 
that the author ventures to present these results to the citrus-growdng })ubli(* 
and the research w^orkers in this field. 

Summary 

(1) Jamberi has uniformly produced the highest germination in seed bed 
and is closely follow ed by pummelo, while ckinee orange, herale and ija janimma 
have been found to produce relatively poor germination. 

(2) The percentage of apogamic seedlings actually obtained in seed beds 
has been found to be the largest in jamberi. gajaniwrna . kichili and acid lime. 
whMe it w’as relatively low' in herale and gahbu-chinee . Pummelo lias proved to 
be distinctly monoembryunic. 

(3) The proportion of vigorous growing variantws that becomes available 
for budding within a year after sowing is found to be the largest in jamberi. 
gajanimma. rnokri and kichili and relatively small in chinec orange, billi- 
kichili, gabbu-chinee and acid lime. Foi cxjxsditing the production of budded 
citrus plants, jamberi and gajanimma appear to furnish the most suitable 
material. 

(4) Within a year after sowing, the size of seedling rootstocks as judged 
by their height and stem diameter measurements has been found to be the 
largest in jamberi and gajanimrm and least in chinee orange and billi-kichili. 

(5) The height measurements of the plants, do not seem to afford a reliable 
index of the suitability of the seedling rootstocks to receive buds. 
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(6) The rate of growth in seed beds appears to be influenced to a consid- 
erable extent by the individual parent and not the variety or the species. 

(7) The differential ‘ take ’ of buds on billi-kichili when worked at two 
different periods of growth establishes the fact that the optimum period for 
bud-insertion varies with the difiPerent rootstocks, and may also vary in differ- 
ent tracts and seasons. 

* (8) Jamberi and gajanimma, have produced invariably very high ‘ take ’ 
of buds while gabbu-chinee has shown relatively low bud ‘ take ’. 

(9) Different scion varieties are found to respond differently on a given 
rootstock variety in regard to bud ‘ take ’ ; and acid limes in general have 
contributed to a lower ‘ take ’ of buds than the chinee orange scion. 

- (10) Acid lime has proved to be the least variable and Mchili the most 
variable of the rootstocks under study. 

(11) The repeated selection of plants has been found to be efficacious in 
restricting the variability of citrus seedling rootstocks. 

(12) Although no definite idea about the rootstock-scion compatibility 
has been revealed from the data, it is hoAvever indicated that, pummelo and 
gajanimma have produced relatively larger rootstock stem thickness than those 
of scion stems, while chinee. has produced the narrowest margin between these 
two measurements. 

(13) With chinee scion, jamberi has registered the highest growth incre- 
ments from seedling to planting stage and has also produced the largest sized 
plants at the commencement of orchard life. 

(14) Although chinee seedlings were the lowest sized at the time of plant- 
ing, they have recorded larger girth increment during pre-orchard life, possibly 
because of the fact that the inhibitive effect of bud-in.sertion has been non- 
operating in its case. 

(15) During pre-orchard life, pummelo billi-kichili and acid lime have 
produced least growth increments. 

(16) Gajanimma as a rootstock is on a par with jamberi in respect of 
contribution to scion vigour at the commencement of orchard h'fe. 

(17) With acid lime scion also, jamberi has produced the largest stem 
thickness, while acid lime the least at the time of planting. 

(18) Notwithstanding the fact that individuals within a variety possess 
root systems of widely differing characteristics, certain specific or varietal 
characters have been brought out from the root studies and presented in the 
foregoing pages. 

(19) 3’he enormous depth to which the seedling root penetrates at a very 
early stage of its life has been emphasized and the enormous extent of root- 
pruning done at the time of transplantation indicated. 

(20) Success in transplanting of seedlings has been shown to be dependent 
on the character of the root system. An abundance of fibre in upper soil 
layers or of shallow scaffolding laterals have been pointed out to be favourable 
for ensuring a good stand. 

(21) From a consideration of the root systems of worked and unworked 
seedfings, the possible directions in which the scion modifies be rooting habits 
of the seedling rootstock has been indicated. 
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(22) That the merits of a seedling rootstock cannot be judged solely on the 
depth and foraging power of root system but should also be based on the pro- 
portion of fibre and of root-weight are points that have been made clear 
fi*om the present studies. 

(23) The enormous variation in the area combed by the root systems of 
difierent varieties when grown as seedlings or as rootstocks even at a very early 
stage of the plant life, as well as the vast extent covered by the roots at such 
an early stage, serve to emphasize the necessity of determining separately the 
optimum orchard spacing for chinee orange worked on different rootstocks on 
the basis of root studies. These also indicate that the popular practice of ap- 
plying irrigation water and fertilizers in a small area around the plant is not 
adequate to meet the entire needs of the plant concerned. 
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Introduction 

T he alternate food plants of Pempheres affinis have recently been receiving 
some attention primarily with the object of finding any new and promis- 
ing parasites. Investigation prior to the inception of the present studies 
had largely tended to discount the importance of this aspect of study. This is 
evident from a statement in one of the latest publications on the subject 
IDharmarajalu, 1934] namely, that the ‘ insect is unable to breed, leaving a 
few Corchorus plants, on any plant other than cotton.’ Data in support of this 
conclusion were, however, lacking. On the other hand, an earlier publication 
[Ballard, 1922] has furnished a fair number of plants under the head. In the 
face of these conflicting opinions, a systematic survey though limited to the 
immediate neighbourhood of Coimbatee was carried out fbr very nearly a 
year. In the course of .such a survey, numerous cultivated plants and weeds 
growing in and around cotton fields have been repeatedly examined month after 
month and the data gathered served to bring to light a large number of food 
plants. Many of the plants noted, freely admit of profuse breeding of the 
weevil and a few constituted new records. The infestations in some were 
so heavy, varied and widespread* that the problem gradually acquired a 
new interest. The search was therefore recently extended to a few adjoin- 
ing localities including a few hill tracts and forest areas far away from cotton 
cultivation. This extended survey has resulted in bringing into prominence, 
among others, one particular species of food plant, namely, Triumfetta rhom- 
boidea which forms the subject of this short paper. This species has revealed 
a phenomenally high percentage of weevil infestation and parasitism. Though 
Triumfetta sp. has been previously listed among food plants [Fletcher, 1919 ; 
Ballard, 1922], the species rhomboidea was for the first time observed by the 
writer to harbour this weevil during January 1937 when a small collection 
was made in Telugupalayam in the vicinity of Coimbatore. 

The plant and its distribution 

Triumfetta rhomboidea Jacq. — ^Tihaceae (Tamil adai otti, Hindi chikti, 
Plate XXII) is a common herbaceus undershrub widely distributed in the 

* A comprehoosivo account of all such plants is reserved for a future publication 
when matter becomes ripe for the same. 
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hills and plains throughout the tropical and sub4ropical India from the 
Himalayas to Cape Comorin ranging up to an elevation of 4,000 feet. Jn this 
province it enjoys a fairly even distribution in all the districts as seen from 
the collections in the herbarium.* The plants generally lie scattered among a 
varied vegetation and occur in very diversified situations. The species 
has been noted to be a common inhabitant of uncultivated waste places, 
weed areas near villages, along river and canal banks, outskirts of coconut 
and arecanut topes, borders of fields, fencings of gardens and compounds, 
roadsides and extends to forest regions and hill slopes. It seldom grows over 
three or four feet in height and has been taken from all localities in the vicinity 
of Coimbatore within a radius of seven or eight miles, such as IVlugupalayam, 
Vedapatti, Vadavalli, Perur, Mathampatty, (-hittraichavadi, Kuiiiammuthur, 
Singanellore, Thondamuthur, etc. Large collections have been occasionally 
made from distant places like Irittupallam, Siruvani hills, Thadagam and 
Dhoomanur, Kallar, Wallayar and I)hone valley (Malabar). Ihe species 
cannot be considered to be of any great economic importance. Previous 
literature lists Triumfetta sp. among alternate food plants. But no data 
of any kind in regard to the exact species, locality, nature and extent of in- 
festation or its parasitic fauna are available. Such data are highly important 
and necessary, particularly because another common species of the genus , 
namely, T, roiundifolia even more widely distributed and abundantly met 
with everywhere, on repeated examination, has been found to be singularly 
free from infestations. 

Mode of attack and nature of habitat 

Pempfieres infestation in this plant has been repcate<lly obtscrved to be 
so severe that there seems to be ample justification in considering it as the 
most favourite food plant. The nature of the plant and the nutrition afford- 
ed largely determine its attractiveness to the insect besides having an important 
bearing on its development and multiplication. The attack lure is not res- 
tricted, as in other plants like cotton, to any particular parts of the plant 
like the hypocotyl region but is more or less uniformly distributed throughout 
all portions of the herb from the upper portions of the roots, along all regions 
of the stem extending to even secondary branches with the exception of veiy 
slender ones lacking in the requisite minimum thickness (say less than 2 mm.). 
No doubt the age and size of the plant and the nature and thickness of the 
stem, to some extent, govern the heaviness of infestatujii. It is generally 
the older plants that are more heavily attacked, the younger ones showing 
comparatively lighter infestations. In these plants, particularly older ones, 
numerous stages representing" every developmental instar are met with simul- 
taneously, demonstrating that the plant is acceptable as food for successive 
generations. It also shows that considerable overlapping of broods takes 
place and heavy populations are rapidly built up by continuous multiplica- 
tion. The density of population in the species seems to grow until its maxi, 
mum capacity is overreached and the plant is killed by sheer abundance of 
attacks. Though apparently there is a general similarity in the method of 

*The writer is indebted to the Systematic Botanist's section for the identification of this 
and several other species. 
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attack in this species and cotton, a few marked divergences in some parti- 
culars may be noted. Some minor deviations may be noted even in the 
matter of oviposition. The eggs are not much sunk in the bark but are nearer 
the surface than in the case of cotton, probably due to the fact that the bark 
here is comparatively much thinner. The newly hatched minute gtub first 
mines encircling the stem or branch for a short while but quickly migrates 
into the deeper woody tissue and consistently resides and tunnels in the 
central pith region where it eventually transforms itself into a prepupa and 
pupa. This is greatly facilitated by the somewhat succulent and fleshy 
character of the woody tissue as well as the comparative softness of the stem 
which is pithy though not hollow. The food value and nutrition afforded 
appear to be extremely conducive as evidenced by the healthy and robust 
nature and large sizes of several instars. The grubs are creamy white, robust, 
and active with strong dark brown mandibles. The prepupae and pupae 
are proportionately buUder. The adults developed appear to be giants in 
comparison with those in cotton or other food plants and are occasionally a 
shade darker. Oviposition also seems to be profuse as seen from a few trials. 
The mechanical damage caused to the host plant is certainly greater but the 
repair and recuperation effected by the plant is quicker as seen from the 
numerous large-sized galls developed in all parts of the plant including branches. 
That the weevil develops successfully and emerges with ease may be evident 
from the fact that the stem and branches are literally covered and riddled with 
conspicuous and large adult emergence apertures. As large a number as 127 
galls and 180 emergence apertures has been recorded on a single plant in 
September 1937. 


Comparison mith other food plants 

The weevil has been observed during the present investigation to breed 
in a numl)er of other plants such as Sida CLCuta, Sida rhombifolia, Sida 
glutinosa, Corchrus oliiorius, TJrena lobata, Hibiscus vitifolius, MaJvastrum 
coromanddianum. Chiltivated plants include H, esculentus, H. cannabinus, 
and Althaea rosea. In none of these including its primary host, cotton, has 
the insect been noted to increase to the extent usually found in T. rhomboidea. 
Among these a species of Sida requires special mention. Sida acuta occurs 
often in similar situations and associations as T. rhomboidea and is compara- 
tively widespread. There is considerable similarity between the two species 
in the mode of attack and course of tunnelling in that the stages are met with 
in the greater portion of the stem and migrate into the central region of the 
stem, but it cannot stand comparison with T. rhomboidea either in degree of 
infestation, hugeness of population, in the sizes of stages or in the extent of 
parasitism. The plant is much more woody and hard and the stages do not 
find it suitable for growth and emergence. Either the attack is less severe 
or enormous mortality and elimination of stages occur in this host. Galls 
are rarely developed and emergence apertures much fewer. The grubs are 
very often lean, discoloured being pinkish or dusky and a proportion inclusive 
of ^ults is found dead in situ apparently unable to emerge. In point of size 
of stages the only other plant that nearly approaches T. rhomboidea is H. 
cannabinus but the percentage of attack in this case is very.low^ 
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Ecological features of the habitat 

With the present knowledge based on a limited survey of its distribution 
and infestation, a comprehensive discussion of the environmental characteris- 
tics of the habitat cannot be attempted. The infestation has been no doubt 
observed in a fairly wide range of situations and a variety of conditions. 
It has been noted though in varying degrees, alike in places with moderate 
rainfall likft Coimbatore and suburbs and others with excessive rainfall such 
as Wallayar and Dhone valley in Malabar. It occurs also in great elevations 
lilfft Siruvani and Mankarai. In drier tracts, infestations arc confined to 
shady, damp localities along water courses or similar moist situations. One 
general observation that emerges from the studies is that moisture plays an 
important part in the occurrence and abundance of the weevil infestations, 
whatever may be the divergences in other features climatic, physical or biolo- 
gical. 

Intensity of infestations 

Observations recorded for the last ten months from a variety of localities 
serve to illustrate the extent of infestation, population densities and seasonal 
variations. It is never evenly or uniformly distributed in all localities. Much 
variation occurs even in plants taken from different situations in the same 
locality. Striking differences exist in plants from the same situation in 
accordance with variation in age and size of the plants. The general rate of 
infestation for the past ten months oscillated between 42 and 100 per cent 
averaging about 77 per cent for the entire period. Places like Thondamuthur 
and Irittupallam have shown consistently high percentage in infestations 
as well as parasitism. More striking are the data obtained regarding the 
populations for a locality or for an individual plant. From data recorded 
for the last two years for cotton, the average population has seldom risen 
over four or five per plant even in heavily infested fields. Whereas T. rhom- 
boidea has often displayed as high a number as ten or more individuals per 
plant. Judging from the egg-laying capacity of the weevil (a maximum of 

Table I 


Months 

(1937) 

No. 

of 

])lants 

examined 

i 

; 'j'otal 

' number of 
■ infesta- 
, tions 

Per 

cent 

infesta- 

tions 

Weevil popu- 
lation 
per 100 
plants 

January 

12 

! 

84 

60 

525 

Febniaiy 

4 

! 

88 

100 

1,000 

March 

31 


261 

42 

245 

April 

13 


134 

100 

385 

May 

6 


61 

100 

483 

June 

6 


26 

83 

50 

July 

41 


241 

56 

229 

August 

29 


416 

69 

917 

September 

36 


841 

92 

1,017 

October 

27 

1 

687 

i 

77 

748 
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121 per female) the biotic potential is not very high. Other environmental 
factors remaining constant any marked variations in the insect population, 
therefore, may be governed by the suitability of the host species. Weevil 
population data recorded for this plant, therefore, indicate a high preference 
for this plant species. Table 1 presents the percentage infestation and 
populations per 100 plants noted in Coimbatore and its environs for the last 
ten months. 

All localities so far explored have shown appreciable infestation though the 
severity of attack varied in different localities. One of the reasons for such 
variations may be attributed to the relative abundance or scarcity and scatter- 
ed nature of the distribution of the food plant. Localities like Dhone, Wallayar 
and Kallar where large patches of the plants are seen to occur in certain situa- 
tions, showed that the populations get more evenly distributed. Table II 
below provides data in relation to different localities. 


Table 11 


Lcxuility 

No. 

of 

plants ox- 
ami iK'd 

Total 

No. of 
infesta- 
tions 

Per cent 
of 

Jiifosta- 

tions 

Weevil 
population 
per 100 
plants 

1 

1 

{ Remarks 

I 

! 

1 

Kuniamutlair 

31 

403 

94 

423 

j Soj)t(»ml)('r 1937 

Thondainuthu . 

28 

623 

82-5 

606 

Mathampalty 

9 

819 

66-7 

2,078 

i 

Alanthiirai 

19 

240 

68() 

226 

1 

SimvaiM . 

12 

168 

J00(t 

45S 

1 

Thadagam 

25 

122 

86-0 

652 

1 F n b r u a r v 

Dhonp 

15 

45 

100-0 

93 

j 1937 

Kallar 

85 

31 

1 1 6 9 

21 

N o V e mber 




I 


1 1937 

Inuitiipallaiii 

38 

844 

92 0 

616 

October 1937 

Kiiniamuthiir 

37 

149 

60 0 

133 

1 

Sjngaiif'lloro 

'J'henarnanur 

7 

119 

100-0 

657 


12 

486 

100-0 

1,333 

! 

Thondaimitliiir . 

48 

1,420 

100-0 

702 

' 

Wiruvani slo|U' . 

7 

125 

100-0 

529 

1 

Siruvani ujJiilJ . 

17 

24 

41 0 

37 

1 

JJll tUU' 

i 412 

424 1 

170 

27 

1 

W allayar . 

214 

527 

59-0 

i 

42 

i 


The infestation in individual plants within the same locality or situation 
varied so greatly that a general average figure of percentage of attack or 
live population fails to convey any accurate idea of the capacity of this species 
to harbf)ur heavy population. The following table presents data on the 
maximum number of infestations carried by individual plants during each 
of the past ten months. The composition and representative character of 
the live populations may also be noted from the table. 
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Parasitism 

This plant has provided the bulk of the ^^eevil parasite material not 
collected in cotton. There are about seven species belonging to Braconidae 
and Chalcidoidea besides a parasitic nematode which definite y parasitize 
the weevil in this plant. The majority of these parasites (all except one 
species) are absent at present in cotton areas and constitute new’ records on 
Petnpheres. All are primary in character and confine their attention to weevil 
larvae, particularly the mature grubs. In this connection, the absence of 
any species parasitizing the prepupae and pupae is keenly felt since such 
stages, being found in the deeper tissues of the stem and well protected, are 
little affected by other factors. Karlier stages such as eggs and grubs being 
very delicate and sensitive to desiccation are naturally eliminated to some 
extent by various ecological factors. No hyperparasites have so far been 
noted. There is one species among these which is endophagoiis. Some of 
these parasites to be efficient provided they can be suoeessfully intro- 

duced in cotton areas. Their utility will depend ui)oii their ability to establish, 
multiply and spread in the new habitat of cotton fields. This aspect of the 
problem is a new development and appears to be full of promise. 

The rate of parasitism varied considerably in different regions. A maxi- 
mum percentage parasitization of 14-5 for the entire area has been recorded 
but certain situations in the same locality showed a much higher rate. One 
plant for instance from Mathampatty having about 110 live stages yielded 
27 parasites which works up to 25 per cent parasitism. 

Parasitic fauna 

The following species have been iiott'd to be parasitic on Penipheres in 
association with this food plant : — 

Chalcidoidea Biacoiiidat‘ 

1. Dinarmus coimbatarcusis Fvrr» 4. path i us labdacus Fsixon 

2. Entedon jyempheridis Forr. 5. Spathnis critolaus Nixon 

3. Brttchocida orientals Crawf. 6. JRhaconotvs deanthes Nixon 

7. Rhaconotus menipptte Nixon 
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Among these, Bruchocida orientalis and Rhaconotus menippus may be 
considered as of very little importance, since each of these species has been 
encountered not more than once in association with this food plant, during 
the entire period covered by these studies. The following account, therefore, 
mainly centres round the remaining five species. 

Table IV 

Seasonal occurrence of the parasites 


Parasite species 

April 

May 

June 

July 1 Aug. 

1 

Sept. 

Oct. 

Nov. 

1. Dinarmng eoimbatorensis 

2 

2 


! 

7 6 

8 

14 

11 

2. Entedon pempheridii 

i 

i 


. . 22 

103 1 

78 

51 

8. Spathius labdacus 

1 

1 



16 ' 

26 

1 

24 

4. Spathius eritolaus . 

1 

2 


1 ' 

" i 

2 1 

.. 

8. Rhaconotus eUantties 



... 1 

1 ' 

1 


4 : 

1 


The degree of parasitism by any one of the species varies considerably 
in the different localities or in different situations in the same locality. The 
table above furnishes data on the proportion of the various species during 
the period from April to November 1937. Among these there is only one 
species namely Spathius criiolaus that occurs in cotton fields. It has been 
also taken from other food plants like Sida acuta, Corchorus olitoriuSy and 
Malvastrum. Dinarmus coimhatorensis seems to be associated with a number 
of alternate food plants, having been recorded from H. esculentus, Sida acuta, 
0. olitorius, H. ficulneus, H. vitifolius, and Malvastrum. Entedon pempheridis 
has been recovered also from O. olitorius and Sida acuta. Spathius labdacus 
seems to be confined to only T. rhomboidea. 

Dinarmus coimhatorensis Ferr. (Plate XXlll). — ^The adult female is a 
dark green, thickset Chalcid with an elongate abdomen varying in length from 
2*5 mm. to 5 mm. and the male with a large yellow spot at base of abdomen 
varies in length from 15 mm. to 3 mm. Ferriere [1939] has recently 
described the species. 

This species may be distinguished from all other known species by the 
combination of the following characters : the medially incised clypeus, the 
punctate propodeum without median Carina, the brown ring at base of hind 
tibi^ and the elongate abdomen. 

This species is primary and ectophagous in character. It is a larval 
parasite with a partiality for full-grown host grubs. The parasite has since 
been successfully bred in the laboratory on Pempheres grubs provided in cotton 
stalks. It occasionally oviposits in captivity but is very slow and erratic 
in this regard. Eggs (Plate XXIII, fig. 2) are laid singly on any part of 
the host after partial or complete paralysation. In one case as many as six 
eggs were seen laid on a single host grub within an interval of 30 minutes by a 
female during mid-day. The egg measures about 0*6 mm. in length. It is 
somewhat oblong-ovate with one end feebly produced. The surface is uneven 
and has a sculptured appearance being covered by very minute spines. 
Partheno-genetic reprpduction has been noted to occur in this species. The 
pre-oviposition peri^ ranged from 4 to 35 days in captivity. The larva 
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completely consumes the host grub and assumes a robust rounded body with 
a distinct brownish head before it transforms into a prepupa (Plate XXII I, figs. 
3, 4, 5). It has also been recovered from Fempheres infesting several other 
alternate food plants as also from Hypo}i:rus iruncatuh ^ in amaranthus. 
It is absent from cotton fields. The life-cyole varies from 17 to 21 days 
made up of one or two days as egg, six to eight as larva, one to three 
days as prepupa and 10 to lOj days as pupa. Adult longevity reached a 
maximum of 42 days averaging 23 days for four individuals with a daily supply 
of honey solution or raisin as food. In a proportion of cases, adults have' 
Ixjen noted dead m situ in stems and pupae fail to develop into adults 
particularly in Sida acuta. The species has been collected from Malabar, 
Wallayar, Thadagam, Coimbatore and Siruvani. Since' the species attacks 
Pempheres in cotton stalks in cages, there seems to be no reason why it should 
not establish itself in cotton fields. 

Entedon pempheridis Ferr. (Plate XXIV). — This is a metallic blue and 
green Chalcidoid with an average length of 2 5 mm. id varying from 1-5 
mm. to 3-5 mm. in length. The speck^s has been recently described hy 
Ferriere [1939]. 

This species has been the most numerous among the parasites from alter^ 
nate food plants. The species has been taken in small numbers oeeasionally 
from other plants like C. olitorim. Malvastrnm roroimihdelianmn and fiida 
a^uta. It has been also noted to parasitize, to a small extent, other weevil 
grubs like Apion sp. in C. olitorius, Lobotrachelvs in Hibiscus manihof. A 
single male specimen has been recovered from Hypotixus trnvcatidus in amaran- 
thus. It is totally absent in cotton fields. It enjoys a wid(‘ distribution 
having been collected from Malabar, Wallayar, Thadagam, Siruvani and 
Coimbatore and suburbs. This is also a primary larval parasite. Thi> seems 
to be the only endophagous para.site so far met with in Pcviphercs. The 
egg, larval and a portion of prepu}>al stages are spent inside a full-grown 
host grub. The host grub is not paraly.sc'd by o\iposition. It seons to l)e 
apparently healthy, normal and unaffected, and toliTably active for a day 
or two until the parasite larva is hatched and begins to feed on the fluid con- 
tents of the body cavity in the initial stages. As the larva grows, it begins 
to feed on the internal organs and the activity of the host griib^ gets more 
and more diminished. ProbabW only one egg is laid in each ho:4 a^ not more 
than one parasite larva has been noticed inside a single host istage and only 
one adult has been seen to develop from one host. The })arasitc larvae have 
been dissected out in a numl)er of instances in varying stages of growth (Plate 
XXIV). These are milky white, flattened, leaf-like until they are full 
grown. When they get full grown th(‘ entire ‘contents of the host grub are 
consumed leaving only a thin cuticular sac-like covering. The larva grows 
rapidly and assumes a robust cylindrical form filling uj) tlu‘ cuticular bag 
and causing it to bulge out due to pressure of the growing parasite frojii inside. 
As it develops into a prepupa, the distended and weakened cuticular covering 
is unable to retain it, gets dry, cracks and crumbles leaving the parasite ex- 
posed. The parasite soon pupates naked and assumes a jet black colour 
No trace of the host may be seen except the small hard mandibular remains. 
The pupal period ranges from 8 to 12 days averaging 11 days for about 40 
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individuals. The egg has not been noted except in a doubtful instance. 
The entire development has been accomplished in captivity. The duration 
of egg and larval period has not been accurately determined but from a few 
observations it may be said roughly to vary from 8 to 11 days. The egg 
period lasts probably only for a day. The prepupal period may extend to 
even three days. The adults are strongly heliotropic being found to crowd to- 
wards the end of the tube directed to sunlight. Adult longevity with raisin 
as food has risen up to 18 days. The extent of parasitism by the species is 
seen to bc‘. the highest and the parasite appears to possess considerable possi- 
bilities if only it would accommodate itself in cotton fields. As large a number 
as 103 individuals (consisting of 9 adults, 93 pupae and one full-grown larva) 
were obtained from this food plant in September 1937. A maximum number 
of 11 parasites has been recovered from one single plant. 

Bruchocida orientalis Crawford. — There is only one solitary instance 
when this species was collected. This was recovered as a pupa from a mature 
grub of Pempheres in Triumfetta rhomboidea in Perur on 7th July 1937. This 
emerged as an adult female on 12 July, 1937. The adult was comparatively 
large sized wTth a dark head and metallic blue and green body. The ovi- 
positor was fairly conspicuous with a yellow brown colour and dark tip. The 
female lived in captivity for a period of 21 days with a supply of sugar solu- 
tion. It also paralysed about seven Pempheres grubs provided in cages but 
failed to oviposit. It has been recorded as parasitic on Brmhus chinensis 
from Bangalore. 

Spathius critolaiis Nixon. — This is a slender elongate reddish brown 
insect about 2 to 3 mm. in length with a dark abdomen and vestigial wings. 
Winge I forms are occasionally found to occur in both the sexes but more 
often among females. This is a common parasite which has been recovered 
in association with most food plants, including cotton. It is an ectophagous 
larval parasite attacking mature grubs and rarely medium sized ones also. 
It lends itself to breeding and multiplication in captivity not only on Pem- 
pheres but also on such subsidiary hosts like Amaranthus weevil grubs, Hypo- 
lixus truncalulus and the Bostrychid borer of cotton — Sinoxylon sudanicum. 
Normally eggs are laid singly one on (‘ach host grub, after complete paraly- 
sation of the same by stinging. A maximum of 53 (‘ggs has been recorded 
for a single female. It displays considerable discrimination in selecting its 
victims preferring healthy, active, non-parasitised host grubs. The percentage 
of parasitism in nature has seldom risen above one per cent in cotton fields 
in the most favourable season, but it paralyses more host grubs than actually 
oviposited upon. The total life-cycle period varies greatly according to season 
from a minimum of 12 days to 28 days in cooler months. The parasite en- 
joys a wide distribution occurring as it does in cotton and non-cotton areas 
such as Ramanad, Erode, Coimbatore and suburbs, Thadagam, Siruvani 
and Malabar. 

Spathius labdacus Nixon (Plate XXV). — This is a fairly large Braconid 
varying very much in colour and size. All grades of colour from reddish 
brown to dark brown are met with. In length it varies from 3 mm. to 4*4 
mm., averaging about 3*7 mm. for a dozen specimens. The species has been 
described by Nixon [1939], 
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This is a winged species with a long ovipositor, the longest of all 
known Pempheres parasites. This was for the first time taken in September 
1937, when about 16 individuals were recovered either as larvae* or as cocoons. 
In October as many as 26 have been obtained. It has been successfully 
bred in the laboratory and the life history more or less elucidated. It is a 
larval primary ectophagous parasite. It prefers healthy non -parasitised, 
full-grown host grubs and lays one egg (rarely two) on any part of the host 
body after it is rendered inactive by complete paralyzation. The egg (Plate 
XXV, fig. 2) is translucent elongate, cigar shaped and curved with extremities 
rounded. The cephalic end is much broader than caudal end. A maximum 
of two eggs has been noted per day per female. Ilie egg-laying capacity in 
captivity has seldom risen over ten per female in cages. Parthenogenetic re- 
production is fairly common, the resulting progeny being invariably males. 
The preoviposition period ranged from 3 to 12 days ordinarily and in some 
cases seemed to be considerably prolonged particularly in parthenogenetic 
cases where a maximum of 33 days has been recorded. Incubation period 
varied from 1 to 2 days averaging 1 4 da\s foj* 11 ca‘<es. Larval period varied 
from 4 to 6 days averaging 4 4 days for 11 cases. The full-grown larva (Plate 
XXV, figs. 3, 4) which is robust having cl(*arly marked prominent urate cells, 
spins usually a cocoon before pupation. The prepupal and pupal periods 
ranged from 13 days to 16 days av(*raging 14 days for S individuals. The 
])repupal period alone ranged from 2 to 3 days averaging 2*3 days for 4 
eases. The total life-cycle period varied from 17 to 22 days according to the 
season and fluctuations in temperature. The lifi* peniod was seen prolonged 
in cooler months, namely NovemlxT to February. The males have a slightly 
shorter lif(*-cyele period than females, averaging 21 days for females and 19 
days for males. The adult longevity reached a maximum of 73 days with 
honey solution or raisin but averaged 61 days for o individuals. This .seems 
to be one of the most promising species. It is a large winged species and has 
greater potentiality than the smaller wingless Spa^hius, Above all it has a 
much longer (wipositor uhich can j)ieree and penetrate* deepe'r into the stem 
and grubs wbi(*h have tunnelled even into the c(*ntral regions of the stem 
become acces.si])le to tlie ^pee'ies. It has l)(*en i(‘C')vered so for only in 
association with Triuwfetta rhowhoidra. It reJiiains to be set*n if the .same 
will adapt itself to the environment of cotton fields. 

Hhucmwiun cleanfhfs Nixon (Plate XXVI) — This is a reddish brown 
Branionid varying in length from 2*2 to 4*0 mm. Nixon [1939] has des- 
cribed the new species. 

This slender winged Braconid vith an average length of 4 mm. has 
been recovered from TriumfvUa rhomboidea during October 1937. Only a 
few cases of parasitism by tlu* sj)ccies in this food plant have come to the 
notice. The species has also been occasionally noted and taken from the same 
insect host from Sida acvta in Dhone and Kuniainuthur. It lends itself to 
aitificial breeding in captivity to a e€*rtain e*xteiit. This i<: also a primary 
larval ectophagous parasite. It prefers only mature host grubs. Oviposi- 
tion is very infrequent and erratic. The egg (Plate XXVI, fig. 2) is narrow, 
translucent with caudal end narrower than head end. The full-growm 
larva (Plate XXVI, figs. 3, 4) is elongate and slender with a brownish white 
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colour. Tlie life cycle occupies from 16 to 24 days. The minimum pre- 
oviposition period is about 2 days but varies considerably. The egg period 
ranges from 1 to 2 days ; larval period from 4 to *6 days. A maximum capa- 
city of 15 eggs has been noted for a single female. The adult longevity runs 
up to 30 days with raisin. 

Rhaconotus menippus Nixon (Plate XXVII). — ^This is a decidedly darker 
species than the previous one and is of an average length of 3 mm. Nixon 
describes the species as being characterised by the division of tergite (2 plus 3) 
into three areas and by having the middle one of these areas differently 
sculptured from the other two. The fine striation surrounding the ocelli is 
also likely to be specific. 

This parasite has been recovered only once parasitising Pempherea in 
association with this food plant. More often it has been noted to parasitise 
this weevil infesting another food plant, namely Corchorva oUtoriua. It has 
been also taken on several occasions as a parasite of another weevil, Hypolixus 
truncatnius in amaranthus. The general life history is similar to that of 
R. dmnthes. 

Nematodes 

Oeoniermis indica Steiner. — This Mermithid was for the first time dis- 
covered to be parasitic in mature Pempheres grubs infesting this plant host 
during September 1937. These have l)een, later occasionally taken from 
the same material from the same locality, namely Thondamuthur, during 
October and November. Apparently its range of occurrence is limited to this 
locality since it has not been encountered in materials from a few other places. 
In a few instances, these worms have been recovered also from later stages 
of the host insect such as prepupae and pupae. 

The parasitized host grub does not show any marked external indication. 
The only differences that may sometimes be noted consist in the grub being 
inactive and swollen or discoloured. In one or two instances the emergence 
of the larval forms by forcing through the weakened body wall has been 
actually observed. Rarely also, the sw^ollcn abdomen of the host grub showed 
external curved ridges and grooves indicating the presence of the much curled 
worms inside. 

These larval forms are dirty white, slender, thread-like wonns less than 
I mm. in length fcnind in some numlx^rs inside the body cavity of the host. 
In a single instance an actual count was made and eleven such forms were 
noted. These are. when mounted in a drop of distilled water on a slide, found 
to be motionless for a while but soon become active with wriggling and 
lashing movements. Through the kindness of Dr Steiner, Principal Nemato- 
logist, Washington, the worms have been identified as belonging to a new^ 
species — Oeomerrnis indica. The genus Geomerrnis itself is said to be new 
and has not been described. According to Dr Steiner these forms are Mermi- 
thids without cross fibres in the cuticle, with eight longitudinal chords and 
six cephalic pupillae with a short semi -spherical vagina and with very short 
paired spicula. The few^ forms known in the genus are confined to the U. S. A. 
This f*orms the only record of the genus from outside that country. This is 
the first record of nematode parasitism in Pempheres and probably also in 
stem boring Curculionidae, 
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The method of infection is not definitely known. Since these have 
been encountered only in the rainy season in October and November it may 
be that rain stimulates the female parent to ascend up these plants and pene- 
trate the cracks, crevices and grub tunnels in the stem where eggs are laid. 
The host grub gets infested while feeding on plant tissue. It may also be 
that the larva that hatches pierces the body wall of the grub and (x^cupies 
the body cavity. With the present state of our knowledge the economic 
significance of this phenomenon cannot he truly assessed. As factors of 
control, these may be at present regarded as of little importance. 

SlONIFICANCB OF INFESTATION AND PARASITISM IN THE FOOD PLANT 

Great stress has been recently laid by eminent authorities on the study 
of alternate food plants with a view to discover the primitive wild association 
of indigenous insect pests in any biological control project. Weeds and wild 
host plants were not seriously reckoned hitherto as hosts of this weevil. 
The few weeds which were noted to harbour the weevil in and around cotton 
fields were dismissed as of no importance except as probable minor nuclei for 
reinfestation of cotton crops. As for parasites, these were practically un- 
known from this source. The present studies have served to dispel such 
notions and have given a new orientation to the biological control of this 
insect. 

Pemphere^ affinis is a polyphagous species and attacks a number of wild 
plants in a wide range of conditions. Incidentally this polyphagy consti- 
tutes a serious handicap in breeding re.sistant varieties. Further, the weevil 
appt‘ar^ to be a normal inhabitant of many regions l)eyond the limits of cot- 
ton cultivation. Profu.se breeding of the weevil in a wild hovst plant like T, 
rhornhoidea in virgin forest areas and the variety and comparative abundance 
of panisites in such haunts are of considerable significance. The majority 
of such parasites being absent in cotton fields is also a feature of importance. 
Tlie ability of some of these to parasitise the w eevil in different host plants is 
another eminently desirable feature. A thorough knowledge, therefore, 
of these parasites in relation to the weevil and its host plant appears to be* 
essential for judging the possibility of utilisation of these species. Hence the 
necessity for an extended and elaborate examination of these alternate food 
}>lants is clearly brought out by these studies. 

In a previous paper [1937] it has been suggested by the writer that the 
weevil might be indigemous to India by reason of its occurrence in bhindi in 
diverse situations far away and completely cut off from cotton cultivation, 
such as Dehra Dun in the United Provinces, Manantoddy hills in Malabar, etc. 
The present studies hav(» served to emphasise this aspect and provide addi- 
tional proof in supi>ort of this inference. This additional evidence seems 
to leave no room for doubt as to its place of origin since it would be otherwise 
impossible to explain the presence of such separate infestations in varied re- 
gions including sylvan associations and forest areas such as Siruvani, Wallayar 
forests, Kallar and Dhone hills in Malabar. The case of weeds and plants found 
in and near cultivated regions is quite different and is easy of interpretation 
as the infestations could have proceeded from cotton. The evidence in favour 
of the w^eeviPs primitive association with bhindi stiff holds good but this plant 



652 


THE INDIAN JOURNAL OF AGRICULTURAL SCIENCE 


[X 

is at present a cultivated one though originally wild. Recent studies, there- 
fore, raise the question whether such wild plants like T. rhomboidea, 8ida 
acuta, S, rhomboidea, IJrena lobata, etc. may not have had an earlier associa- 
tion with the weevil. Among such plants T, rhomboidea stands unique both 
in respect of heaviness of infestation and high rate of parasitism. In any 
attempt, therefore, in classifpng the more important of the known food plants 
according to their length and primitiveness of association with the weevil, 
cotton will have to be ranked as recent, bhindi as having an older associa- 
tion and T, rhomboidea as having a still more primitive relationship with 
the pest. For quite another reason also cotton does not appear to constitute 
its natural food plant because its normal development in this host is arrested 
and great mortality is caused by such inherent factors as gumming. From 
a few trials in the field and in the laboratory the oviposition of adults bred 
from Triumfetta has been found to be poor in cotton. On the other hand 
oviposition of cotton-bred adults on Triumfetta stalks has been slightly 
better. Transfer of different stages of grubs from one plant to the other does 
not affect their development. These experiments in their behaviour suggest 
that Triumfetta may perhaps be its original food plant. Anyway, there 
seems to be little doubt that Triumfetta rhomboidea is the most preferred 
among its known food plants. The practical importance of these observations 
is the opening of a new avenue of im estigation, namely the possibility of 
manipulation and liberation of suitable parasites from this source for colo- 
nization in cotton fields. A small though unconscious step in this direction 
has been started by the breeding section by the importation of this material 
for artificial weevil infestation of cotton crop in the breeding station. But 
systematic and planned attempts to encourage successful emergence and 
liberation of such parasites in conjunction with laboratory breeding, if and 
when necessary, seem to l>e full of promise. 
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Introductory 

I N view of the great losses to the cotton growers due to root-rot disease, the 
importance of the disease in the l^unjab cannot be over-emphasized. 
The study of the physiological behaviour of the causal fungi Rhizoctonia 
bataticola = C. strain of Haigh = Maorophomhia phaseoli and Rhizoctonia 
solani is of great importance in the discovery of the control measures for the 
disease. 

The intensity and severity of attack of these fungi largely depends on 
the environmental conditions which, if favourable, tend to increase their 
activity. The kind of food, moisture content of the soil and temperature 
may accelerate their virulence. 

The fungi under consideration are able to attack a considerable range of 
host plants and are not highly selective in tlieir metabolism so much so that 
all the carbohydrates and nitrogen sources tested [Vasudeva, 1937] yield 
satisfactory growth. 

These fungi do not show any appreciable growth under highly anaerobic 
conditions. Their growth is markedly retarded at 25 per cent concentration 
of carbon dioxide. Though the growth is arrested at higher concentrations 
of carbon dioxide yet the fungi are found to be viable even after prolonged 
exposure to highly anaerobic conditions when normal conditions are restored 
[Vasudeva, 1936]. Experiments have been conducted to determine whether 
different carbon compounds would support satisfactory growth under anaerobic 
conditions. 
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MaTBBIAL AND MBTHODS 

The two fungi used in this investigation were : — 

RhotocUmia bataticola (Maubl.) Ashby. - C. strain 

of Haigh «= Jdacrophomina phaaeoli Isolated from diseased cotton 

roots. 

Rhizoctonia aolani (Kuhn, group) Isolated from diseased cotton 

roots . 

At the beginnii3g of the work the purity of the cultures was ensured by 
taking a single hyphal tip in each case, after the method described by Brown 
[1924]. Stock cultures of the fungi were maintained in tubes of potato ex- 
tract agar. The inocula for cultural work were invariably taken from cul- 
tures 10 to 20 days old. 

The fungi were grown in liquid and on agar media containing the same 
ingredients and a single carbohydrate. 

The following media, with or without agar, were employed : 

1. Potato extract ; — 

Peeled potatoes 20 gm. 

Agar 20 gm. 

Distilled water 1,000 o. c. 

2. Cotton root synthetic [Vasudeva, 1937] was used as basic medium. 

The nitrogenous constituent, peptone, normally used in this 
medium was replaced by ammonium sulphate calculated to 
yield an equivalent amount of nitrogen. And carbohydrate 
constituent was reduced to half the normal strength. 

The composition of the medium as used in the experiments described in 
the present paper was as follows ; — 


Carbohydrate 

10 gm. 

Ammoniuzn sulphate 

2*16 gm. 

K,PO, 

1*9 gm. 

MgSO^ 

0*4 gm. 

NaCl 

0*6 gm. 

FeCl, 

A trace. 

Bromcresol purple (1 per cent) 

1 c. c. 

Bacto agar 

20 gm. 

Distilled water to make up 

1,000 c. c. 


The carbohydrates used were as follows : — 

Maltose, glucose, sucrose, lactose, galactose, dextrin and soluble starch. 

The media were divided into 40 c. c. lots unless otherwise mentioned in 
test tubes or Erlenmeyer’s flasks of uniform size and capacity. Flasks of 
126 c. c. capacity and test tubes 26 x 200 mm. and of 90 c. c. capacity were 
used throughout the course of these experiments. 

The pH of media in all cases was brought to the neutral point, using 
bromcresol purple as indicator. Inoculations were made from cultures with 
active growth and as far as possible uniform size of inocula were introduced. 
Observations were made as to the time required for the acidification of the 
media and the amount of growth. Colour change of the medium from red 
to straw yellow colour, indicated the acidification of the medium, i.e. from 
pH 7 to approximately 5. 
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The experiments were conducted both at laboratory temperature and 
at 30°C. 

Cultures grown on the agar medium were mostly surface growths, and 
were therefore exposed to the varied experimental conditions. Those grown 
in the liquid media were almost always submerged, except when the inocula 
were kept suspended on the surface of the medium by means of platinoid 
wire basket like structures. 

Experimental results 

(а) Growth of R. solani and R. bataticola in liquid and agar media with 
different carbohydrates, — The fungi were grown both in flasks and test tubes 
containing liquid and agar media. The test tubes with liquid media were 
placed upright in desiccators and arranged in such a manner that observa- 
tions could be made without touching them as slight shaking or movement 
of the tubes would upset the growth in the liquid media. Results of typical 
experiments for jB. solani and R. bataticola are summed up in Table I. 

The results show that both in the liquid and agar media all the carbo- 
hydrates tested supported a fairly satisfactory growth and that the acidifica- 
tion of agar cultures occurred earlier than the liquid media. These results 
hold good both for tube and flask cultures. The inocula in the case of liquid 
media were submerged whereas in the agar media these vere on the surface. 

In the case of agar cultures in test tubes a beautiful yellow ring w^as 
formed along the upper surface of the medium. The breadth of the ring 
depending upon the depth to which the fungal hyphae had penetrated. A 
scanty and sparse growth was noticed in the control media lacking in carbo- 
hydrate constituent. 

It was observed during the course of these experiments with R. bataticola 
that the colour change or the acidification was delayed in liquid media but 
did not occur at all in agar media when lactose or galactose were used as 
source of carbon. 

The experiments were repeated a number of times at the room tem- 
perature as well as at 30®C. and results similar to the above were obtained. 

(б) Submerged and floating cultures, — During some cultural experiments 
with liquid media in the laboratory it was observed that there were differences 
in the amount of growth and time required for acidification or colour change 
in the same set of flasks. Such variations appeared to be due to the position 
of the inocula. Experiments were, therefore, carried out to determine the 
effect of submerged and floating inocula on the growth and the time required 
for acidification of the cultures. 

Fifty 0. c. of the basal liquid medium, i.e. mc^dified cotton root synthetic 
was put in Erlenmeyer flasks of 125 c. c. capacity. In the flasks containing 
the media platinoid wire loops were inserted through the plugs and suspended 
in such a manner that the loops just touched the central point on the surface 
of the medium. The flatsks with media and loops were sterilized as usual 
and divided into two equal lots and inoculated with vigorously growing cul- 
tures of R. bataticola and R, solani- In one set the inocula w^ere placed care- 
fully on the loops in the flasks so that the inocula were kept floating on the 
surface of the medium whereas in the other set of flasks the inocula were 



Days required for acidification and comparative growth * on liquid and agar media with different carbohydrates 

for R. solani and E . bataticola 



* At liax>ratoiT temperaime ^ ^ 

-I- Sipti the amoimt of growth ; the larger the number the greater the amount of growth. 
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inserted in the normal way and these got submerged in the medium. The 
inoculated flasks were arranged in an incubator at 30°C. in such a way that 
the observations could be made at a glance. The flasks were not moved or 
shifted throughout the course of these experiments in order to allow uniform 
and uninterrupted growth. Agar cultures in flasks were also set up for com* 
parison. 

The experiments were repeated several times and the results of a typical 
experiment are set out in Table IT. 

The data show that in the case of both the fungi the time required for 
acidification of submerged cultures is greater than the floating cultures. The 
growth in submerged cultures was comparatively slow. The cultures with 
the floating inocula almost correspond with agar cultures which are mainly 
surface growths. It is likely that the growth of the fungi in submerged 
cultures produces a by-product which if allowed to accumulate retards further 
growth. Such a by-product very likely seems to be of a volatile nature which 
is easily lost from surface cultures but is retained in the liquid medium in 
the case of submerged cultures. 

It is clear from the results that the growth of these fungi is affected by 
the solid or liquid condition of the medium in which these are cultured and 
also on the position of the inoculum, i.e. submerged or floating. 

The growth of these fungi is indicated as : + + + + = very good = 4, 
+ + + = good = 3, + + = fair = 2, + = slight growth = 1 and multi- 
plied with 100 to avoid fractions. The utilization quotient indicating the 
comparative availability of the food material was calculated by dividing 
growth X 100 by the number of days required for acidification [Moore, 1937]. 
The utilization quotients for agar, floating, and submerged cultures of R. 
solani and R, bataticola as estimated from Table II are given in Table III. 

Table III 


Utilization quotients for R. solani and R. bataticola under normal atmospheric 

conditions 


Carbohydrate 


R, solani 


R, baiaticola 

Agar 

1 Float- ^ Sub- 
' ing merged 

1 

Agar 

j 

Float- 

ing 

Sub- 

merged 

i 

Maltose 

100 

100 

1 60 

100 

80 

! 26 

1 

Glucose 

100 

100 

1 

80 

100 

80 

67 

Sucrose 

100 

100 

30 

100 

13 

i 

Lactose 

75 

80 

60 

0 

4 

3 

Galactose | 

100 

100 

30 

0 

43 

13 

Dextrin 

' 100 

100 

30 

100 

29 

4 

Soluble starch 

100 

100 

30 

100 

10 

5 

No carbohydrate 

0 

0 

0 

0 

“ i 

0 
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The utilization quotients are lower for submerged than for the floating 
cultures. In agar cultures the utilization quotients for B. solani almost 
correspond with the floating cultures but in the case of R. bataticol-a the uti- 
lization quotients are higher in agar than in floating cultures except in the 
lactose and galactose constituents wliere the quotient is lower and has fallen 
to zero. 

(c) Growth in various concentrations of carbon dioxide. — ^The two fungi 
R. solani and R. bataticola were grown in test tubes on modified cotton root 
synthetic agar with different carbohydrates. The inoculated tubes were 
placed in desiccators which were then sealed. The test tubes w'ere kept 
upright by sliding them singly through circular slits made in a piece of card- 
board. This rendered making of observations comparatively easy. Carbon 
dioxide was let into these chambers by creating the required amount of 
vacuum with Cenco Megavac pump and by adjustment of pressure with the 
help of a manometer. 

The experiments were conducted in atmosphere of 10, 20, 30 and 40 
per cent carbon dioxide. Controls were kept under ordinary atmospheric 
conditions. 

The results obtained by growing the fungi in different concentrations of 
carbon dioxide and in normal atmosphere are recorded in Table IV. 

At 30 per cent concentration the growth of R. solani practically 
ceased whereas there was fair amount of growth in the case of R. bataticola. 
At 40 per cent concentration R. solani failed to grow but R. bataticola 
showed slight growth. An appreciable reduction in the amount of growth 
was noticed in the case of both the fiingi even at twenty per cent concentra- 
tion of carbon dioxide. The rate of growth in various concentrations of carbon 
dioxide was comparatively slow and the cultures took longer time for acidi- 
fication than in normal atmosphere. The utilization quotients are inversely 
proportional to the increase in concentration of carbon dioxide. 

(d) Effect of nitrogen and oxygen. — In another experiment the effect of 
nitrogen and oxygen on the growth and reaction of medium was studied. 
In two lots of evacuated chambers containing cultures of R. solani and R. 
bataticola, pure nitrogen or oxygen w'as let in. In another set of evacuated 
desiccators oxygen and nitrogen was let in the ratio of 60 : 60. Observations 
were made as to the growth of the fungi and the time required for acidification 
of the culture media was also noted. The data of such an experiment are 
given in Table V. 

The results show that the growth and time required for acidification in 
the case of R. solani is not appreciably affected in an atmosphere of pure 
oxygen, but in the case of R. bataticola pure oxygen appears to have a depress- 
ing effect on the growth and the acidification of the medium is delayed. Pure 
nitrogen and nitrogen and oxygen (50 : 50) have no appreciable effect on the 
growth or time required for acidification of the medium in the case of either 
of the two fungi. 

Thanks are due to the Indian Central Cotton Committee for kindly 
providing the necessary funds for carrying out these investigations. 
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Summary 

1. All the carbohydrates tested supported a fairly satisfactory growth of 
R. aolani and R. bntaticola. Agar media are comparatively more favourable 
for growth than the liquid media. Acidification also in the case of agar 
culture is more rapid but in the case of R. bataticola the acidification is delayed 
in liquid media and does not occiu" at all even in agar media when lactose or 
galactose are used as source of carbon. 

Floating cultures almost correspond with agar cultures in the rate of 
growth whereas in the case of submerged cultures the growth is slow and 
acidification of the cultures is delayed. 

2. Carbon dioxide has a depressing effect on the growth and aoidifioation 
of the media is delayed. 

3. Effect of oxygen and nitrogen has also been tested. 
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(With on© text-figure) 

Introduction 

F ISHER’S Randomized Block and Latin Square designs have proved very 
useful in agricultural field experiments, but can be adopted only when a 
limited number of plots, usually not greater than ten or eleven, is included in 
a block or row and column. This limitation on the number of treatments 
which can be tested simultaneously is a serious handicap in the case of fac- 
torial experiments in which the number of treatment combinations keeps on 
increasing with the number of factors and with the number of the levels at 
which each factor is tested. The devices of confounding main effects in split- 
plot designs and interactions among sub-blocks are used to overcome this diffi- 
culty. 

Recently Yates [1936, I] has developed another method for keeping the 
block size within efficient limits when the number of treatments of a non- 
factorial experiment becomes large. The need of such single factor experiment 
occurs very frequently in practice when we have to make preliminary selection 
from a large number of new strains of a crop. Since only a single factor (e.g. 
variety, in this case) is involved, the several comparisons among the treatments 
cannot be classified under sets of main effects and interactions. For this 
reason the principle of straightforward confounding is apparently inapplicable 
here. Yates however used the ingenious idea of using a factorizable numl)er 

(say, V = p, q. r ) for the number of varieties, and then viewing the 

varieties as all combinations of several factors (non-existent though) at levels 

Pi q, T, etc., for each group. We can then divide the varieties in vjp 

groups of p in each group, vlq groups of q in each group, vjr groups of r in each 
group, and so on. The comparisons among the vjp groups in the first type of 
division will correspond to the main effects and interactions of all factors ex- 
cluding the first pseudo-factor ; the comparisons among the vlq groups in the 
second type of division will correspond to the main effects and interactions of 
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all factors excluding the second pseudo-factor ; the comparisons among tile v/r 
groups in the third type of division will correspond to the main effects aad 
interactions of all factors excluding the third pseudo-factor and so on. We 
can then confound these main effects and interactions of the various pseudo- 
factors, by assigning to a block only those varieties which occur together in the 
same group. 

If there is sufficient land each group may be replicated a number of times, 
which should be the same (n, say) for each group. Thus the number of blocks 

in the experiment will be vn (p 7 +••). block size will not 

be the same if p, g, r are not equal. Thus there will be vnjp blocks of 

size p, vn!q blocks of size q, vnjr blocks of size r and so on. But instead of 
doing the experiment in blocks with v plots in each, we are thus able to reduce 

the block size to the comparatively smaller sizes of p, r, plots. The 

designs which Yates got by this artifice of confounffing of main effects and in- 
teractions of certain fictitious factors, super-imposed on the varieties, were 
given by him the name quasi-factorial designs . 

The simpler and more efficient cases of this design occur when p = g =3 r 
. . . . Then v becomes some power of the number p. If, in addition, p 
is a prime number or power of a prime number, it is possible to confound all 
main effects and all interactions of the pseudo-factors. This will ensure the 
losing of equal amount of information from all varietal comparisons and thus 
give symmetry to the design with respect to every variety. This special 
design was called the ‘ symmetrical ’ quasi-factorial design. 

When V is not a factorizable number the idea of introducing pseudo-factors 
fails completely and to meet this case Yates [1936, 2] has developed the 
brilliant idea of balanced incomplete randomized blocks. In these designs 
it is possible to secure equal accuracy for comparisons between every pair of 
varieties, and the symmetrical quasi-factorial design of v (p)”* occurs as a 
special case. 

In the Calcutta Statistical Laboratory, Bose and Nair [1939] have 
developed a general class of designs called partially balanced incomplete 
block designs of which Yates' quasi-factorial designs for (p) m varieties in 
blocks of (p) nh'-l plots, and his balanced incomplete designs, happen to be 
special cases. While developing the method of analysis for this general class 
of designs, it was found that the method given by Yates for analysing the data 
from quasi-factorial experiments with p2 varieties in blocks of p plots may be 
replaced by a simpler method. One of the objects of this note is to illustrate 
this new procedure of analysis with the help of data from a quasi-factorial 
experiment on rice. 

In the season of 1937-38 two quasi-factorial experiments with 49 and 100 
varieties of paddy were laid out by Mr S. C. Chakravarty at the Chinsurah 
Farm, Bengal, in 28 randomized blocks of 7 plots and 40 randomized blocks of 10 
plots respectively. The designs were prepared at the Statistical Laboratory. 
In the experiment with 100 varieties it is impossible to achieve symmetry 
between every pair of varieties as 10 is not a power of a prime number. In the 
other experiment symmetry could have been achieved if the shape of the ex- 
perimental piece of land was such as to accommodate four 7x7 Latin Squares. 
As this was not possible the symmetry was sacrificed, and in both experiments 
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main efiEeots only of the pseudo-factors were confounded. We shall use the 
second experiment for our illustration. 

Besides the usual analyses of variance for grain and straw separately, the 
analysis of covariance also has been worked out. In an exploratory experi- 
ment with large number of varieties like the present one, it is not wise to limit 
the criterion of selection of strains to one character, namely, yield of grain 
alone. It is desirable to take into consideration the yield of both grain and 
straw (and also of other characters of economic importance as necessary) ; 
and for this purpose it is essential to include in the analysis the covariance 
between characters. Unfortunately adequate tests of significance and neces- 
sary tables for this purpose are not yet available. The problem is, however, 
receiving increasing attention [Lawley, 1938, 1939 ; Roy, 1939, 1, 2], and we 
may expect that necessary tables of significant levels will be available for this 
purpose in the near future. In the meantime we are taking this opportunity 
of explaining the procedure for calculating the various sums of products which 
will be needed in covariance analysis. 

As a preliminary step, we have used the covariance analysis for a brief 
discussion of the method of selecting the varieties w hen the yields of grain and 
straw are both taken into consideration. 

Details of lay-out 

One hundred aman .strains (other than patnais), a list of which is given 
in the appendix were selected for this experiment. These strains were assigned, 

at random, one hundred serial numbers 00, 01, 02, 09, 10, 11, 

19 90, 91, 99, which are noted in 

column (1) of the appendix. These numbers were then written in the form of a 
10 X 10 square lattice of the following pattern : — 


00 

1 JO 

20 

30 

1 40 

60 

60 

70 

80 

90 

01 

! 11 

1 

i 21 

1 

31 

41 

51 

1 61 

71 

81 

91 

02 

12 

1 

I 22 

32 

1 42 

1 

52 

I 62 

72 

82 

92 

03 

1 

23 

33 

1 

53 

I 63 

73 

83 

93 

04 

14 

24 

34 

j 44 

54 

64 

74 

84 

94 

06 

16 

26 

36 

45 

55 ; 

65 

75 

85 

95 

06 

16 

26 

36 

46 

56 

66 

76 

86 

96 

07 

17 

27 

37 

47 

57 ( 

67 

77 

8 

97 

08 

18 

28 

38 

48 

58 1 

68 

78 

88 

98 

09 

19 

29 

39 j 

49 1 

\ 

59 ! 

I 

69 

79 

89 ‘ 

99 


The variety occurring in the i-th column and j-th row of this square is 
denoted as variety [ij] in which both i and j vary from 0 to 9. 

The varieties bearing numbers occurring in the same row or in the same 
column constitute a set. It is clear that there are only 20 such sets, of 
which 10 sets correspond to the 10 columns and the other 10 sets correspond 
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to the lO rows of the above square. The first 10 sets will be said to oonsti* 
tute group I, and the second 10 sets to constitute group II. 

Each set must be replicated in the same number of randomized blocks 
according to the availability of the land. In this experiment only two repli- 
cations were used, so that we had 40 randomized blocks giving four replications 
of each variety. IW size of each plot was 8 ft. 3 in. x 8 ft. 3 in. Leaving a 
border of 9 in. all aroimd, the net size came to 7 ft. 6 in. x 7 ft. 6 in. 

The two replicated blocks of each of the 20 sets were first assigned at 
random among the total of 40 blocks. The 10 varieties of a set were 
allotted in a serial order in a random direction in one of the blocks assigned to 
that set, and in the other block they were randomized. The actual field lay- 
out is shown on the next page. The blocks have been numbered 1 to 40 ; and 
Table II gives, besides other things, the serial numbers of the blocks in which 
each set of the two groups was replicated. 

Season and nature of crop 

The season was quite favourable for rice ; and transplanting for this ex- 
periment was done on 28th July 1937. The rainfall was slightly above normal, 
and the distribution was quite regular ; and from the agricultural point of view 
the crop was considered to be normal. The normal rainfall and the rainfall 
during 1937-38 as recorded at the Chinsurah Farm are shown in Table I. 

Table I 

Rainfall at Chinsurah Farm during the season 1937-38 

: Rainfall ' Nuinlwr 

Month Noimal during the year Diffi'ronce of 



rainfall 

1937-38 

1 

i 


rainy days 

April 1937 

2-46 

1-76 

—0-70 

2 

May 1937 

5-85 

3-24 

—2-61 

10 

June 1937 

10-66 

14-56 

f3-99 

14 

July 1937 

11-28 

9-43 

—1-86 

25 

August 1937 

11-64 

12-66 

+ 1-02 

21 

September 1937 

8-40 

11-49 

+ 3-09 

21 

October 1937 

4-09 

4-40 

+ 0-31 

6 

A^ovember 1937 

0-66 

Nil 

—0-66 

Nil 

December 1937 

0-19 

Nil 

—0-19 

Nil 

January 1938 

0-38 

0-26 

— 0-13 

1 

February 1938 

1-20 

1-81 

+ 0-61 

3 

March 1938 

1-68 

0-32 

—1 -26 

1 

Total 

68-29 

59-91 

1 

-f 1 • 62 

104 


Primary data 

The primary data consist of yields of grain and straw expressed in ounces 
per plot. These are fully set out in Table II (o, 6). The yield of straw was 
determined with less precision than the yield of grain. The total sum of 
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squares with 309 degrees of freedom, and the block sum of squares with 39 
degrees of freedom were calculated directly from Table II (c, b) for yield of 
grain as well as yield of straw, and also the corresponding sum of products. 
It is not necessary to give details about the calculation of these quantities. 


Lay-out plan of the experiment 
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Tabus 

Yidd of grmn and of straw in each {upper figures 
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Bl. 
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1 Bl. 
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Bl. 

BL 
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BI. 

1 

5 

16 

2 

23 

1 

24 

3 

8 

28 

4 

20 

36 

5 

14 

89 

00 

46*5 

64*0 

10 

52*5 

43*0 

20 

42*0 

51*5 

30 

40*0 

63*0 

40 

50*0 

52*0 


40 

58 


68 

52 


48 

84 


46 

80 


56 

80 



54*5 

11 

wm 





m 







66 

68 


58 

82 


52 



56 




80 



40-6 

12 






32 

41*0 
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42 
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46*0 


48 

IB 


66 

66 
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03 
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33 
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46 
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78 

04 

40*6 
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14 
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68*6 

24 

46.0 
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34 

53*5 


44 


54*5 


66 

80 


60 

62 


58 

94 


62 
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06 
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15 
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; 

■ 

m 
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72 

08 
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18 
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60*6 
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40*0 

52*5 1 

38 

36*5 

57*0 

48 

58*5 

690 


62 

60 


68 

98 


54 

72 ; 

.. 


38 

64 


64 

68 

09 

480 

44-0 

10 

36*0 

45*0 

29 

44*0 

600 

39 

61*0 

51*0 

49 

53*5 

66-5 


64 

52 


62 

72 


56 

78 


60 

66 

j 

1 
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76 
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11(a) 

indicate grain yield ; lower figures indicate straw yield) 
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01 
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56 
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56 

84 


52 

68 


54 
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52 
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62 

35*5 

55*0 

72 
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82 
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43-6 

92 
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48 

56 


40 

78 


72 
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48 

82 

63 
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63 
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73 
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83 
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93 
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Tablb 
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n (6) 

indicate grain yidd ; lotoer figures indkaie straw yield) 
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86 

42-6 


87 

39*0 

38-6 

88 

53*5 

64*5 

89 

38*5 

51*6 



66 


62 

68 


44 

44 


56 

68 


50 

72 

95 

49*6 

486 

06 



97 


58*5 

1 98 

1 

47*5 

53*5 

99 

43*5 

62-6 


74 


1 

48 

76 


' 60 

72 

1 

1 

1 

64 

68 


52 

64 





1 






1 
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Sum of squabbs and pboddots ddb to vambtibs 

It is in the calculation of the sum of squares and of products for variety, 
with 99 degrees of freedom, that all the complications of analysis set in. But 
once these sums are obtained, the residual sum of squares may be obtained by 
subtraction : Total minus Blocks minus Varieties. 

The table of analysis of variance given by Yates [1036] mentions 
eleven sources of variation, of which five go to make up the variation 
among blocks, three go to make up the variation amung varieties and three go 
to uncontrolled variation (namely, residual). Speaking generally, we need not 
take the trouble of calculating the sums of squares due to each of these eleven 
sources of variation. We are mostly interested to find out the value of the 
sums of squares for the three items : Blocks, Varieties and Residual ; and this 
is what we shall consider in the present paper. 

The sums of squares and sum of products due to blocks are easily obtained 
from the totals of the 40 blocks. In getting the sums of squares and sum of 
products due to varieties, we are using a new procedure which simplifies con- 
siderably the computational work. 

New pbooedube 

We have 40 blocks with 10 plots each. We first calculate the mean yield 
of grain of each block. We next subtract from every plot yield the mean yield 
of the block in which the plot is located ; and call these the corrected values 
of the yield. There are four plots for each variety ; we next add the four cor- 
rected values of yield of each variety, and write this quantity as Qij for variety 
[ij]. It is obvious that the sum of the 100 values of Qij is zero. It is also deal 
that Qij can be calculated more easily by taking 10 times the total yield of 
variety [ij] and subtracting from it the sum of the total yields of the four 
blocks in which it has occurred, and then dividing the result by 10. 

We then arrange Qijin a two-way table as shown in Table III ; and obtain 
the maiginal means IJi s-nd tjj • If Vij be the estimate of the effect of the 
variety [ij] on yield of grain, as measured from the general mean, we have 

Vij = J (Qij -f- Qi + Qj ) (1) 

which is obtained from Bose and Nair’s general formula, after suitable 
substitution and simplification*. 

It is easy to calculate Vjj from Table III. The mean of all Vij will be 
zero. As it is usual to present varietal means instead of varietal effects, we 
may add to each Vy the general mean for the whole experiment, and get the 
varietal means shown in Table IV. It should be noted that the varietal 
mean shown here is not the ‘ crude ’ mean of the observed yields of the four 
plots under a given variety, but is the mean yield per plot of the given 
variety after adjusting for block effects. These adjusted varietal means are, 
therefore, comparable among themselves. In Table IV we thus obtain the 
summary of the results of the experiment before calculating the sum of 
squares. This is only logical, as estimation should precede tests of signifi- 
cance. 


♦ For Yates* quasifactorial designs of varieties in blocks of p plots forming I 
groups of p sets each, and with r replications of each variety, 


Vijk 

In our case, I 




v-l) Q + 
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Similar oaloulations can be made for the yield of straw. Let Q'y and V' u 
correspond, in the case of straw, to Qij and Vy defined in the case of jneld of 
grain. Tables V and VI give the values of Q'u and V'y respectively. 

Having calculated the values of these four quantities (Qij , Vij and Q'jj , 
V'lj ) we get the sum of squares due to varieties in the case of 3 deld of gram 

with the help of the formula 
s 9 

2 2 Vjj Oil (2) 

i««0 J — O 

and the sum of squares due to varieties in the case of yield of straw from the 
formula 

0 0 

2 V'lj Q'lj (3) 

1—0 J-o 

The sum of products due to varieties for 3 deld of grain and yield of straw can be 
obtained by either of the two expressions : 

9 9 9 9 

S Vjj Q'lj or 2 V'lj Qij (4) 

|«o J-o 1-0 j-o 

which are identical. It is convenient, therefore, to calculate the product inde- 
pendently in both ways which furnishes a check on the whole set of calcula- 
tions. 

Tests of sionifioanoe 

Table VII gives the full analysis of variance and covariance. 


Table VII 

Analyaia of variance and covariance 


Variation 
due to 

D. F. 

Sum of _ 

product of 
grain aad 
straw 

1 

Sum of 

Grain 

squares 

Straw 

Coefi&oient 
of correlation 

Blocks 

39 

21917 10 

12801-80 

44680-79 

+0-9164 

Varieties 

99 

1737-68 

7694-07 1 

23243-79 

+0-1299 

Error 

261 

7230-22 

6766-70 

1 

21074-21 i 

1 

i 

+0-6669 

Total . 

399 

1 

30886-00 , 

i 

26261-67 

1 

88998-79 j 

! 


Ratios of variances due to varieties and residual show that there are signi- 
ficant difiierences among the varieties with respect to yield of grain as well as 
of straw* These are shdwn in Table VIH. 
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Tabus Vm 

Test of significance of varietal effects 


Variation due to 

D. F. 

Variance 

1 . I 

jRaiio of varianoeaj 

Expected R. V. 

Grain 

Straw 

Grain 

Straw 

5 per 
cent 

1 per 
cent 

Blocks 


39 

328*26 

1145*66 





Varieties 

. 

99 

77-71 

234*79 

3‘52 

2-91 

<1*67 

<1*88 

Error 

• 

261 

22*09 

80*74 





Total 

• 

399 





! 



The standard error per plot for yield of grain is 4-70 or 9‘48 per cent of 
mean. The standard error per plot for 3 deld of straw is 8-98 or 13-67 per cent 
of mean. These compare well with the precision of ordinary randomiz^ block 
esperiments. 

Tables IV and VI supply the summary of results from which detailed 
tests of significance can be used for differences between any pair of varieties. 
The varietal means were calculated correct to four decimal places for grain and 
two decimal places for straw in order to maintain a high order of precision in 
the stuns of squares and of products. 

The standard error of the differences between two varieties occurring in the 
same row or column is times the standard error per plot, 

wUch works out to be 3-49 for grain and 6-66 for straw. The corresponding 
critical differences, at 6 per cent and 1 per cent levels, are respectively 6 • 87 
and 9-05 for grain and 13'12 and 17-29 for straw. 

The standard error of the difference between two varieties not occurring 
in the same row or column is ip) times the standard error per 

plot and works out to be 3-64 for grain and 6*96 for straw. The corres- 
ponding critical differences, at 6 per cent and 1 per cent levels, are respectively 
7 • 16 and 9-44 for grain and 13-69 and 18- 04 for straw. 

There are 100 Cj or 4960 comparisons between all pairs of varieties. Of 
these, 900 belong to pairs occurring in the same row or column ; and 4060 to 
pairs not having a row or column in common with them. Thus, for example, 
of the three varieties numbered 42, 46 and 82, the pair formed with 42 and 46 
and the pair formed with 42 and 82 belong to the first kind of comparisons ; 
and the pair formed with 46 and 82 belongs to the second kind of comparisons. 
It will be noted that comparisons of the second kind have a larger error than 
the comparisons of the first kind. This is due to the fact that varietal pairs 
of the second kind do not occur together in the same block. Comparisons among 
them are thus affected by a greater amount of block variation than compa- 
risons among pairs of the fii^ kind which occur together in the same block. 

Two more tables may be constructed rearranging the values of Tables 
IV and VI according to their decreasing magnitude, to show at a glance 
which V 9 ri$tieis form chisses of higher or lower ^jdelders of grain fund of straw. 
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This has been done in another way in Table IX, which shows against each 
Variety its rank for yield of grain as well as for yield of straw. 

Table IX 

Banked position of the varieties (upper figures indicate the rank for yield of grain ; 
lower figures indicate, the rank for yield of straw) 


X 

fl 

1 

2 

3 

1 

1 * 

1 

i .. 

6 


■ 

8 

9 


n 


61 

47 ! 

68 

46 

83 

56 

13 1 

22 

0 



34 

51 

78 

42 

18 

12 

79 

47 


8 

07 { 

89 

12 

66 

46 

27 

16 

44 { 

70 

1 

22 

33 j 

37 

63 

23 

68 

48 

69 

66 1 

46 





94 

87 

68 

67 

17 

96 i 

92 

m 




32 

46 

88 

69 

14 

100 

86 


71 

33 I 

66 

64 

79 

62 

14 

38 

63 

1 74 

1 

3 

87 

49 1 

97 

81 

86 

2 

82 

20 

83 

60 


61 

1 

36 

21 

67 

43 

18 

72 

19 

; 35 

4 

26 

43 

38 

64 

64 

3 

17 

74 

! 8 

! 6 

t 


37 

48 1 

34 

24 

s 

69 

39 

25 

: 90 

i 98 

5 

91 

® i 

7 

30 

: 70 

25 

13 

63 

67 

1 75 


49 

76 

29 

I 76 1 

i 7 

93 

100 1 

95 

82 

1 23 

6 

95 

36 

29 

96 

. 66 

31 

19 

24 

89 

! 73 


26 

63 

2 

69 

40 

60 

10 

73 

86 

" 3 

7 

44 

15 

40 

16 

72 

39 

65 

62 

1 93 

1 


9 

6 

80 

86 

20 

64 

84 

i 88 

i 

! 

42 

8 

76 

1 

84 

98 

92 

21 

11 

1 9 

! 

* 90 

1 

60 


62 

81 

16 

60 

41 

99 

91 

i 77 

78 

28 

9 

71 

41 

27 

68 

67 

80 

10 

; 99 

62 

i 


Correlation between grain and paddy 


The last column of Table VII gives the coefficient of correlation between 
yield of grain and yield of straw for variations due to blocks, varieties and 
residual (error). 

The high correlation of +0’9164 due to blocks indicates that blocks with 
large yields of grain also have large yields of straw, and blocks with low yields 
of grain have low yields of straw. lUs shows that the influence of soil fertility 
on the yield of both grain and straw is working in the same direction. That is, 
the yield of both grain and straw is greater in better type of soil which is just 
what is to be e^ieoted. 
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The inter-varietal correlation (x the correlation between the mean yieldKi 
of grain and of straw for the varieties is only -fO * 1290 which is insignificant 
at the 6 per cent level. It will be seen from the accompanying scatter 
diagram (Fig. i) that there is little or no tendency towards clustering in the 
points. This shows that a variety having a high yield of grain does not 
necessarily have a high yield of straw. Jn fact, on an average among 



40 49 50 55 60 65 

cram ► 

Fio. 1. Scatter diagram of the mean yields grain and straw of the one hundred varieties 
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varieties ^ving high yields of grain there will be all kinds of yields of straw, 
high, medium and low. This clearly brings out the danger of confining our 
attention to a single character, say, the yield of grain, in pre-selection fidd 
trials. 

The residual (error) correlation is -f0*6669 which is significant at the 
one per cent level. This gives the correlation between yield of grain and of 
straw of individual plots after correcting for effects of both blocks and varieties. 
The significant correlation shows that the xincontrolled factors, such as differ- 
ences in fertility from plot to plot, e^mrt their infiuence in the same direction 
on both grain and straw. 


Joint compabison of yields 

Before concluding we shall make a few preliminary observations r^arding 
a comparison of the varieties jointly on the basis of yields of both grain and 
straw. 

If we attach the same importance to both grain and straw (which, of 
course, is not really justified from the agricultural or economic point o'' view), 
a rough way of assessing the relative value of the crop as from both the two 
characters, will be to add the two ranks, and arrange the varieties in accord- 
ance with their combined ranks. If there had been perfect correlation between 
the two characters, the combined ranks would have taken the values 2, 4, 6 

200. In our case the combined rank shown in Table 

X starts from 7 and ends with 196, with repetitions at some of the values. 
Thus rank 7 is shared by the varieties 18 and 97. Variety 18 stood first also 
in the ranking for straw yield; but variety 14, which stood first in the ranking 
for grain yield, stands low in the combined ranking, due to its poor straw yield. 

Tabie X 


Sum of the ranks of grain and straw yields 


\ i 

0 

1 [ 2 

1 

3 

4 

5 

6 i 7 

8 1 

i 

0 

98 

i 

66 85 

98 

136 

87 

101 67 

92 j 69 

1 

30 

130 ' 126 

65 

79 

104 1 76 

85 

no ' 116 

2 

142 

60 1 61 

126 

132 

156 i 116 

31 

196 177 

3 

158 

82 

i 163 

1 

145 

165 

64 { 96 

58 

136 j 134 

4 

87 

44 

I 74 

75 

131 

46 ! 36 

146 

... 

27 41 

5 

128 

53 

41 

54 

75 

94 I 62 

‘ 

88 I 

157 

173 

6 


HI 1 

58 

172 

63 

154 

119 

119 j 

171 

96 

7 

70 





99 

75 

125 

178 

7 

8 

wEM 

7 { 164 

184 1 112 

75 

95 

97 

101 

92 

8 

128 

m 


118 

98 

179 

101 

176 

140 

83 

























TABIiB XI 

y value of grain and straw (figures in parenthesis give the ranJnngs) 



62-51 , 61-17 I 69-19 62-73 | 64-96 60-68 , 59-62 66-91 | 60-67 66-62 

(« 1 ) ( 72 ) 1 ( 14 ) ( 69 ) ! ( 44 ) ( 100 ) ( 81 ) ( 91 ) i ( 77 ) ( 36 ) 
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From the economic point of view the procedure of using the joint rank for 
grain and straw yields is unsatisfactory, for the money returns from equal 
weights of grain and straw are quite different. A better plan is to use the 
tot^ money return of the crop for both paddy and straw taken together. For 
example, for the crop imder consideration, we find that Rs. 2 and As. 7 may be 
taken as the average price of one maund of grain and of one maund of straw 
respectively ; and we can reduce the yield of straw to equivalent quantities of 
grain by using the multiplier 7/32. 

The mean yield of straw measured on this new scale is added to the mean 
yield of grain of each variety to assess the total money value of the yields of 
grain and straw. These are given in Table XI in which the ranks are written 
in parenthesis. Varieties 18 and 97 now stand differentiated, as first and second, 
though there was a tie between them for the first place in the ranking given in 
Table X. Variety 14, which stood low in Table X in spite of having the 
highest yield in grain, stands third in importance according to the assessment 
made in Table XI. 

While judging the superiority of one variety to another, ranks are, 
however, not quite satisfactory, and rigorous tests of significance should be 
used. We can do this for the values given in Table XI by using an analysis 
of variance of the ‘ money value ’, namely, of the variable. 

if = X + F (5) 

where X = yield of grain and F = yield of straw. The relevant data are 
given in Table XII. The sum of squares in any line of this table is obtained 
by multiplying by (7/32)*, (7/16) and (1) respectively the sum of squares of 
straw, sum of products, and sum of squares of grain, of the corresponding line 
of Table VII. 


Table XII 

Analysis of variance of total money value of grain and straw 



D. F. 

Sum of squares ' Variance 

i 

Ratio of variances 

Expected 1 
Observed j per cent 

Blocks .... 

39 

1 

24528-5769 

628-94 



Varieties . . , j 

1 99 

9566-5567 

96-63 

2-54 

<1-88 

Error .... 

261 

9937-3552 

38-07 



Total 

399 

44032-4888 

j 


1 

1 



The ratio of variances for M is highly significant, showing the high variation 
in the money value of the different varieties. The standa^ error per plot of 
the money value is 6‘ 1706. The standard error of the difference between any 
two values occurring in the same row or column of Table XI is 4 * 676 and the 
criUoal differences at 6 per cent and 1 pw cent levels are respectively 9 * 01 and 
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11*90. The etandard error of the difference between any two valura of Table 
XI not occurring in the same row or column is 4*780 and the critical differ- 
ences at the 5 per cent and 1 per cent levels are respectively, 9*42 and 12*43. 
With the help of these critical values it is now possible to use tests of signifi- 
cance for comparing the money values of any two varieties. 

SUMMABY 

A new method of analyses of variance and covariance has been discussed, 
with the help of actual experimental data of a quasi-factorial experiment on 
paddy with one hundred varieties arranged in a square lattice design ; and it 
has been shown that the new procedure will considerably reduce the computa- 
tional labour. 

From the analysis of covariance it has been found that there is little or no 
inter-varietal correlation between mean yield of grain and mean yield of straw 
of the different varieties. This shows the need of taking into consideration 
more than one economic character of the plant, in this case, for example, 
the yield of both grain and straw in pre-selection trials. 

For the purpose of grading the varieties it is clearly desirable to use a scale 
which will take into consideration both grain and straw. Two methods, 
namely, (1) the sum of the separate ranks of the two characters, and (2) the 
money return from both grain and straw have been briefly discussed for pur- 
poses of illustration. The varieties were found to be significantly differentiated 
with regard to the money return. 
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Random 

No. 

Name of strain 



Random 

No. 

Name of strain 

00 

Kalma 

1 

107/36 

50 

Harimai 

1180/34 

01 

Mania 

1332/36 

61 

Bankumari 

1031/36 

02 

Jatakalma 

389/33 

52 

Uttarekahna 

386/33 

03 

Baktulsi 

928/36 

63 

Karticsail 

1360/36 

04 

Rupsail 

849/36 

64 

Rangi 

476/32 

06 

Ahamsail 

1129/36 

66 

Kalakartic 

136/32 

06 

Madhumalati 

1615/36 

66 

Tengra 

1641/36 

07 

Kanakchur 

1221/36 

67 

Nona 

251/32 

08 

Dudkalraa 

144/36 

58 

Jhingasail 

220/36 

09 

Bamsail 

1283/36 

{ 69 

Kamalbhog 

1127/36 

10 

Ailsail 

1092/36 

60 

Kamalbhog 

1632/36 

11 

Gopalbhog 

916/36 

i 61 

Sundarsail 

1346/36 

12 

Latamagurasail 

1367/36 

1 62 

Peswari 

1083/36 

13 

Baskamalbhog 

1342/36 

! 63 

Jhingasail 

221/36 

14 

Dudkalma 

191/36 

1 64 1 

Kalma 

94/36 

15 

Kartikbalam 

1697/36 

: 66 1 

1 Luchai 16 

946/36 

16 

Mugaibalam 

1647/36 

1 66 1 

Tengrasylhet 

940/36 

17 

Agniswar 

1712/36 

1 67 

i Dudkalma 

366/33 

18 

Lalkalma 

168/36 

1 68 

1 Kamanisail 

938/36 

10 

Bankumari 

1366/36 

I 69 ' 

Kamalbhog 

1607/36 

20 

Sarunagra 

284 

1 70 1 

Karticbalam 

1694/36 

21 

Kalma 

112/36 

i 71 i 

Dudkalma 

86/36 

22 

Peswari 

1139/36 

i 72 

1 Jhingasail 

276/36 

23 

Kalamkati 

47/36 

1 73 

' Seetasail 

833/36 

24 

Mota 

1690/36 

! 74 

' Brindabansail 

1219/36 

26 

Jliingasail 

216/36 

i 76 

Tengrasylhet 

1324/36 

26 

Gangajal 

1709/36 

; 76 

; Mahipal 

1194/34 

27 1 

Harimai 

1207/36 

77 

! c-o 1 

(1171/36) 

28 ! 

Seetasail 

496/32 

i 78 

! Mausal 239 

, , 

29 ! 

Lalkalma 

176/32 

79 

; Nagra 40 

322/33 

30 

Chamarmani 

874/36 

80 

; Ba^aibalam 

1173/36 

31 

Kalma 

96/36 

81 

I Chamarmani 

876/36 

32 

Harimai 

1211/36 

82 

1 Baktulsi 

915/36 

33 

Localnagra 

. , 

83 

1 Algorasail 

1118/36 

34 

Kalma 

182/36 

84 

Rupsail 

196/33 

36 

T 31 (Pusa) 

. . 

1 85 

i Ramsail 

1603/36 

36 

Bakchur 

, . 

86 

' Sitasail 

830/36 

37 

C-0 1 


! 87 

i Baktulsi 

914/36 

38 1 

Nagra 100 

266/32 

88 

' Dudkalma 

133/36 

39 j 

Jatakalma 

401/33 

! 89 

1 GEB 24 


40 ! 

SC 54/10 

(1326/36) 

i 90 

' Bhasamanik 


41 

! Peswari 

1096/36 

91 

j Metekalma 

183/32 

42 

Kamalbhog 

1623/36 

92 

j Dudkalma 

166/36 

43 

Kudin 

1531/36 

93 

1 Baktulshi 

960/36 

44 

T 24 (Pusa) 

. . 

94 

1 Magurasail 

1619/36 

46 

Nagra 

126 (308/33) 

96 

! T 62 Pusa 

, . 

46 

Patharkuohi 

1273/36 

96 

1 Seetasail 

834/36 

47 

Baskamalbhog 

1036/36 

97 

Auspapri 

1172/36 

48 

Nagra 

65/6 (262/32) 

1 98 

Pubebalam 

1699/36 

49 

Sitasail 

816/36 

! 99 

! 

1 Harimai local 

1110/36 



THE ANALYSIS OF SIMPLE NON-SYMMETEICAL 
EXPERIMENTS • 

BY 

P. V. KRISHNA IYER 

Imperial Agrieultural Research Institute, New Delhi 
(Beoeivsd for pubUoation on 19 September 1989) 

IlTTBODtrOTIOW 

T he analyses of symmetrical experimental designs, viz. Latin squares, 
randomized blocks, incomplete symmetrioal randomized blocks, etc., are 
simple and fairly well*known. When these layouts happen to become suiym- 
metrical due to some cause urhich is beyond the control of the expeiimentez^ 
the analysis becomes complicated and can be done only by the actual appli> 
cation of the principle of least squares to the data. Methods for the analy- 
ses of experiments involving a number of missing plots have already been 
given by Yates. The method given so far stops with the analysis of variance 
table which simply shows whether there is any difference between the various 
varieties (or treatments) on the whole. To obtain further information re- 
garding the different varieties (or treatments), it is necessary to oaloulate the 
standard error of the various mean differences, which is very laborious when 
there are a large number of varieties with different replications. The pre- 
sent paper indicates how it is possible to obtain more information by dividing 
the varieties into different groups by the application of the principle of least 
squares a second time in such a way as to enable us to split the total sum 
of squares for varieties into sum of squares between groups and within groups 
of the varieties. 

It must be clearly understood that by giving this method of analysis for 
asymmetrical experiments, it is not at all meant that experimenters can 
have their experiments in any way they choose. Symmetrioal experiments 
are more efficient than non-symmetrical ones. But whenever experiments 
become asymmetrical due to imforeseen drcumstances, the meiliod outlined 
below can more advantageously be used for obtaining information on the 
different varieties. 


Matbbiai. 

The material used for illustrating the method of analysis consists of a 
varietal yield trial with nine varieties conducted for the Imperial Economic 
Botanist at the Government Agricultural Farm, Bahraich (U. P,). The 
details of the experiment are given below : 

Varieties tested . . P. 4, P. 12, P. 62, P. 80-6, P. Ill, P. 120, P. 166. C. 13. 

Pb. 618. 

(P stands for Pusa, Pb. for Punjab and C for Cawnpore) 

Layout .9x6 randomized bloeks 

Ultimate plot size . 46 ft.x 12 ft. or 1/80 acre (approximaMy) 


* Head before tbe Indian Science Congrees held in Madras, 1940 
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Qeiier»l nMinufing . 
^wmg date . 
Systom of sowing . 
Irrigation givon 
Harvesting date 


Bannhemp greeri manure 
26 October 1937 

Behind degi plough in furrows 8 in. to 9 in. apart 
One, 12 to 13 November 1937 
22 to 28 March 1938 


Plan of the experiment ehotoing the yield of grain per plot in pounds 


I 


... 

0 

li*50 

F 

12-26 

B 

24-76 

B 

24*76 

E 

16-76 

H 

31-26 

A 

10-00 

n 

... 

... 

... 

C 

27-00 

H 

88-00 

A 

16-26 

O 

1760 

F 

10-25 

B 

23-76 


... 

... 


B 

24-60 

0 

18-76 


1 

E 1 C 

20-76 27-76 

B 

28-76 

IV 

... 

j 

j 

A 

24-50 

H 

81*00 

P 

16-00 

I B 

34-26 : 80-00 

B 

18-26 

■ 

■ 

... 

... 

H 

S2-00 


G 

18-26 

E B 

21-25 21-60 

F 

17-60 

VI 

• M 

... 1 

F 

16*00 

Q 

16-00 

C 

21-26 

1 

23*76 

B E 

17-00 1 18-75 

B 

23-76 j 


The irlekit fyom plots left blmili ^ ere very poor and hence have been omitted from the statistical analysis. A, B, 
C, P, JS, r, 0. H and 1 denote P. 4, P. 12, P. 52, P. 80-6, P, 111, P. 120. P. 1C5, C. 13 and Pb. 618 respectively. 


Method of analysis 


Constants a, b, c, d, e, f, g, h and i ; bj, bj, bg, b 4 , b^ and bg representing 
the varietal and the block effects respectively are fitted to the data by apply- 
ing the principle of least squares. It can easily be shown that the equations 
for determining the above constants are 


Set 1 


^ 7ni 4- 7bi-f a-f b4d4- e 4- f-f g-f-h 
6iTi46b,4a4o4©-ff-f'g+h 
< 6m-f Bbj-hb-j-r-i-d-f e4g4h 
6tn 4 6b44 4 d4 f "f" h 4 i 

Stsi 4 5b44d 4^® ”1“ f "1“ h 

^7m47b,4b4©+d4© + f+g-fi 


143 -2.') (Total for block I) 


-136-75 ( „ 

11) 

== 147-50 ( „ „ 

HI) 

-154-00 ( „ „ 

.. IV) 

- 110-50 ( „ „ 

.. V) 

-135 -50 { „ „ 

,, VI) 


Set 2 


” 3m43a4bj[4bj4t>4 
4im 4- 4b4 4* b j -f J)4 4 b* 

3m43c4b,4b,4b, 
anni46d4bj4b84b44bj4b| 
^ 0in46e4bj-4bj4bj4b44bj 
6in4 6f 4b44b84b44bg4b4 
Sin -f 6g4 b| 4 b8-4 bj-V b, 4 b| 
6in4 6b-j-bj4 hj|4b84b44b) 
^ 21n42i4h44b4 


= 59-75 (Total for variety A) 


= 107-25 ( .. 

M B) 

= 76-00 ( „ „ 

C) 

= 106-00 ( „ „ 

D) 

= 100-25 { „ „ 

» K) 

= 80-00 ( „ „ 

» F) 

= 86-00 ( „ „ 

** O) 

= 154-25 ( „ „ 

M H) 

— 58-00 ( ,, ,, 

,7 I) 


For practical purposes the formation of the above equations is easy. 
The left hand side of set 1 is the sum of least square estimates of the 
different yarieiiiNi in blocks I, 11, VI plus the respective block 
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eiSeots ; that of set 2 is the sum of least square estimates of the varieties 
Inuitiplied by the number of times it occurs pitta the effects of the blocks in 

trhioh each variety falls, m is the general mean of all the plots and bj, bj, 

b, have been so selected that 

7bi+6b,+6bi,+ 6b4+6b,+7b,=0 

By virtue of the above relation we will also find that 

3a -f 4b -j- 3c -f 5d -f 5e -f 5f 4- fig -f 5h -f 2i = 0 


Eliminating m, a, b, c, d, e, f, g, h and i from set 2 by the aid of set 1 wo get 

r 326bi— 68b,— 63b,— 71b4— 60b,— 63b, =— 626-76 

— 68b, + 272b,— 66b,— 44b,— 48b,— 66b,= 444-00 

Sets . — 63b,— 66b,+277b,— 39b,— 48b,— 71b,= 363-26 

— 71bi— 44b,— 39b,+260b,— 36b,— 69b,c=. 613-26 

— 6b,— 4b,— 4b,— 3b,+ 20b,— 4b, = 26-00 

7b,-f 6b,+ 6b,-<- 6b,+ 6b, + 7b,=. 0 


Solving the above set of equations we get 
b,=— 1-16623, bi= 1-37377, b,=0- 96102 
b,= 1-74769, b,= l-11208, b,= 3-12720 

Substituting these values in the Ist set of equations, we find 
a=— 3-09990, b=4-84387, c=3-23264 
d=— 1-07029, e=— 2-14663, f=— 6-35286 
g=— 4-99553, h=7-67949, i=7-32499 

The reduction in the sum of squares due to constants fitted is 
b,B|-f"b,B,'4-b,B,-}"b,B,-[“b,B,-h b,B, a-l-bl ^,-4- <’Xc-f-dTd4-©T*,-bfTf-f-gT4i -f“bTj| -f- 
+iTl» 

Where B„ B, B, ; T,, Tb, «.T| are the blocks 

and the treatment totals respectively, and is equal to 1063 • 811. 

Sum of squares for varieties alone is =1053 *811 — sum of squares for 
blocks calculated in the usual way, i.e. = l053-811 — 184'994=868’817. 

We can now draw u]) the analysis of variance table after calculating 
the total sum of squares in the usual way. 


Analysis of variance 


Variance due to 

Degrees ' 

of 

freedom 

Sum 

1 of 

squares 

Mean square 

Blocks 

5 

184*994 

1 

Varieties 

8 

868*817 

108*602 

Error 

23 

173*014 

7*522 


Total 36 1226-825 


Before we proceed further, let us get the least square estimates of the 
various varieties. They are 

a-l-m, b+m 

A=19-26496 B==27-20873 C=26-69760 

D=21-20467 E=::20-21933 F«:=16-0]201 

0—17-36933 H=30-04435 l>=:29-68986 
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From the analysis of variance table, we note that the differences among the 
various varieties are on the whole significant. Further information regarding 
the varieties can be had either by examining the mean diflferences with the 
help of their standard errors or by grouping the varieties into different classes 
which are possibly significantly different from one another. In non-symmetri- 
cal experiments it will be found that the latter method is more convenient and 
involves less labour. In our example, examining the least square estimates,* 
it looks that the nine varieties can be classified into four groups as follows : — 
A=D==E. I; B=C. II; F=G. Ill; H=I. IV 

Our object now is to see whether there is any significant difference between 
and within these groups. For this, fit constants x, w, y and z to represent 
these groups to the original data, i.e. m+x, m+w, m+y and m+z are the 
least square estimates of groups I, II, III and IV respectively on the assump- 
tion that there is no difference between the various varieties comprising the 
groups. The equations for determining the constants x, w, y and z ; b^, bg, 
bg, bg, bg and bg are 


7m-i-7bi4-3x-f-w+2y4-z 
e'm -f- 6b , 4- 2x 4- w -f 2y -I - 2 

6 Tn 4- 6 b 3 4- 2 x 4* 2 w -}- y 4* z 
Bln 4- Bb^ 4" 2x 4- w + y -f - 22 
5in-f 5b, 4-2x4- 2y 4-2 
7in 4- 7b, 4- 2 x -f 2w4“ 2y 4- z 


-= 143-254 
= 136-75 
= 147-50 - 
= 154-00 
= 110-50 
= 135 50 


1 3ni 4” 1 3x -{- 3b j -f- 2b ,-4- 2b, 4~ 2b, -b 2b, 4“ 2b, 
7mi -4“ 7w 4" bj 4 b,-4' 2b, 4" b, 4” 2 d, 

10m 4- I0y-4-2bj4-2b,-f-b,4-b,4-2b,4-2b, 

7in4- 7z4- bj4”b,4"b,4' 2b,4- b,-4-b. 


( 1 ); 


. 266 -00^ 

= 183-25 W2) 
= 166-00 
=-2l2'25j 


As before, m is the general mean of all the plots, and bj. bg, 
are so selected that 


b. 


7bi 4 - 6 b, 4 - 6 b, 4 - 6 b, -f 5b, 4 - 7b,= 0 . 

It may be noted that for practical purposes (1) is obtained from set 1 by 
putting a==d~e=x ; b— c— w ; f=gr=y ; h=^i — z and (2) from set 2 by adding 
up the equations involving a, d, e ; b, c ; f, g ; h, i ; and putting in the final 
equations a==d=e=x, b==c=w, f=g— y, h=i— z. 

Eliminating b,, b,,.. b* we get 

13x4- 7w4-10y4- 7z= 827-50 

1331X— 24y— 12z=26401-50 

^36x + 1365w— 6 y— 20z==34516-25 

— 69x— 20w--29y 4- 1403z= 39802 - 75 

Solving the above equations 
X=— 1-96783, w=4 13921, y=— 5-66257, 2=7-58611 

Substituting the values in (1) 

bTt=—l- 11868 b,= 1-01272 b,= 1-17075 

b,= 1 • 67900 b,= 1 - 26607 b,— — 3 • 09683 

Reduction in the sum of squares due to the four groups and the blocks 

is 1037*766 and is given by xTx+wT^+yTy+zT,4-biBi+ b^Bg 

where T*, T^, Ty and T* are the four totals for the respective groups. Sum 
of squares due to blocks alone already calculated is 1 84 • 994. Hence the sum 
of squares between groups ~ 1037 *766 — 184 •994=862* 762, Sum of squares 
within groups — 868*817 — 862*762=16*066. Now we can draw up the final 

*Thi8 oan be fWighUy done by the aid of S. E. for Md oaloulated in the usual way 
on the available nuwer of replications. 
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•nalytis of yamnoe table wbioh gives almost all the infcHrmation ragarding 
the rarious varieties. 


An<dysi$ of variance 


1 

Vai iance due to 

Degrees 

of 

freedom 

Sum 

of 

squares 

Mean squares 

1 

Blcxsks 

5 

184*064 


f Betii^een groups 
Varieties 4 

3 

862-762 

284-264 

(^Within groups 

5 

16-065 

j 

3-211 

Residual error 

23 

173014 

7-622 

Total 

36 

1226-826 



The above analysis of variance table shows that the differences between 
the four groups are highly significant. But the variance within groups is not 
significant. Thus it will be seen that the nine varieties can be divided into 
four groups which are significantly difFerent. 

Summary 

It has been shown that in the case of non-symmetrioal experiments by 
applying the principle of least squares twice, it is possible to extract most of 
the information regarding the different varieties (or treatments) of the ex- 
periment. The first application gives the total sum of squares due to 
varieties. The subsequent application is so done as to classify the different 
varieties into groups which are significantly different from one another. 
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A SUPPLEMENTARY NOTE ON THE ANALYSIS OF 
33 AND 3 ^ DESIGNS (WITH THREE-FACTOR 
INTERACTIONS CONFOUNDED) IN FIELD 
EXPERIMENTS IN AGRICULTURE 

BY 

S. SUBRAMONlA IYER, M.A., F.S.S. 

Imperial Council of Agricultural Research, New Delhi 
(Received for publication on 10 July 1940) 

I N the paper on the analyaiB of 3^ and 3^ designs published in a recent issue 
of this Journal (Vol. X, part II, April 1040, pp. 213-36) the method of 
calculation of the partially confounded three-factor interactions requires a 
small correction. In Table Vl-a it was assumed that in order to get the 
corrected totals W\ X\ etc., it was sufficient to subtract and (Table 

V-a) from Wi, and respectively and so on. But, on examination, the 
degrees of freedom confounded are found to be as follows : — 

(1), (2) (9) refer to block Nos, (Table I-a). 

i*8, JTa, R*a and 0*8 refer to the respective diagonal, row and column totals in 
Table V-a, 


Replioation 1 

Replioation II 

ABC 



(l)+(6)+(8) (A) 

w. 

X, 

(a)+(6)+(7) (J.) 

W, 


(a)+(4)+(9) (J.) 

Rtfriwation I 

Replkiatlon II 

ABD 

r. 


(l)+(6)+(9) (/i) 

r. 


(3)+{4)-f(8)(I,) 

r. 


(2)+(6)+(7) (/,) 

Replioation I 

Rafdioation II 

ACD 



(l)+(4)+(7) (B,) 


Wn 

(8)+(6)+(9) (R.) 


w. 

(l)+(8) + (8) (B.) 
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[X 


BOD 

Beplioation 1 Beplioation II 

Y^ (I)+(2)+(3)(C7,) 

X, r, (4)+(6)+(6)(U,) 

X, r, (7)+(8) + (9) (O.) 

Therefore in Table Vl-a, for ABG, we have to subtract from IT, 
and Xg and JjS from TT, and X, ; for ABD, I^s from Y, and Z, and 7,8 from 
Xj and Zg, and for ACD, 72,8 from Z, and TF, and 72,8 from Z, and IT,. 

There is no interchange in the case of BCD. Thus for ABC (IF') the 
working sheet will appear as follows : — 

ABC 

12 3 


w 

2012 

2011 

2228 



1363 

1269 

1316 

(Jj, Jg and t/a of 





Table V^) 

W' 

649 

762 

912 


instead of 

649 

696 

969 

and so on. 


The totals thus obtained have been checked by calculating them inde- 
pendently from the replication in which the particular interaction is not con- 
founded. 

On the basis of these new totals the sum of squares in the final table of 
analysis of variance (Table X-a) corresponding to : — 

ABOiW') wiUbe 1300-96 instead of 2217-18 


ABC (XO 

4819*68 

„ 12327-11 

ABD (Y') 

2462-29 

„ 4693-86 

ABD (Z') 

2046-69 

„ 6909-73 

ACD (W') „ 

186-21 

„ 30680-40 

ACD (Z') 

4048-23 

„ 964-74 

and remainder 

78237-91 

„ 36417-86 


The main point to be emphasized is that while applying the general 
rule regarding the block totals for estimating the unconfounded parts, it is 
important to see actually in any particular design which totals correspond 
to Wi, TFg, TFg and so on and not subtract J^, J,, J, of the block totals for 
instance from the respective Wi, IF, and IF,. In other words, for each 
design of the type considered, it is essential to see which block totals give 
the comparisons of the confounded degrees of freedom in each replication. 
This can easily be done with the help of Table 43 in Yate’s [1937] bulletin 
on the * Design and analysis of factorial experiments 

I am thankful to Mr P. H. Carpenter of the Tocklai Tea Experimental 
Station (Assam) for bringing this point to my notice. 

BEFEBENCE 

Ya^> P* (1937). Imperial Bweau of Soil Seienee Technical Cofnnmneaiwn No, 80 



NOTE 


NOTIFICATION NO. F. 1-9 (3)/40-A, DATED THE 29TH 
MAY 1940, ISSUED BY THE GOVERNMENT OF INDIA 
IN THE DEPARTMENT OF EDUCATION, 
HEALTH AND LANDS 

H'^HE following Order issued by the Ministry' of Agriculture and Fisheries, 
1 London, called ‘ The Importation of Plants (Amendment) Order of 
1940 *, is published for general information : — 

STATUTORY RULES AND ORDERS 1040 No. 544 
Destructive Insect and Pest, En(5land 

The Importation of Plants (Amendment) Order of 1940 dated April 

10, 1940 

(D. I. P. 607) 

The Minister of Agriculture and Fisheries, by virtue and in exercise of 
the powers vested in him under the Destructive Insects and Pests Acts, 1877 
to 1927 (a), and of every other power tmabling him in this behalf, orders as 
follows : — 

Modificatiov of the Importation of Plants Order of 1939 

1. The Importation of Plants Order of 1939 (b) (hereinafter referred to as 
* the principal Order ’) is hereby modified in the manner provided by this 
Order. 

Application to Spain of Articles 5, 6 and 7 of the principal Order and of the 

Third Schedule thereto 

2. Article 5 (5), Article 6 (1) and (3), Article 7 (1) and (3) of the principal 
Order and Form A in the Third Schedule thereto shall be read and have effect 
as if in addition to the countries specifically mentioned Spain were mentioned 
therein ; and in respect of any plants potatoes raw vegetables and cider apples 
grown in Spain any certificate required by any of the said Articles shall be a 
certificate of a duly authorised Official of the Spanish Phytopathological 
Service. 

Amendment of Article 6 of the principal Order 

3. For Article 6 (2) of the principal Order shall be substituted 

‘ (2) The landing in Englad nor Wales between the twenty -first day 
of April and the thirtieth day of September in any year of any 
raw^ vegetables grown in Belgium, Germany, Luxemburg, or the 
Netherlands is hereby prohibited unless in the case of a consign- 
ment landed betw^een the twenty-first day of April and the 
thirty -first day of May in any year each consignment is accom- 
panied by a certificate of origin vise by a competent authority 
in the country of origin stating the country and place where 

(а) 40 and 41 Viet. C. 68, 7 Edw. 7. C. 4 ami 17 an I 18 G o. 5. C. 32 

(б) S. E. and O. 1939 (No, 532) I. P. 635 
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the raw vegetables were grown ; and in the case of a consignment 
landed between the first day of June and the thirtieth day of 
September in any year each consignment is accompanied by a 
certificate of a duly authorised Official of the Belgian, German^ 
Luxemburg or Dutch Phytopathological Service (as the case 
may be) in the Form A or the Form B set out in the Third 
Schedule to this Order.’ 

Commencement 

4. This Order shall come into operation on the twenty-first day of April, 
nineteen hundred and forty. 

Short Title and Construction 

6. This Order may be cited as the Importation of Plants (Amendment) 
Order of 1940 and shall be read as one with the principal Order, and the princi- 
pal Order and this Order may be cited together as the Importation of Plants 
Orders of 1939 and 1940. 



REVIEW 


Vegetative Propagation o! Tropical and Snb-tropica) Plantation Crops.. By 

G. St. Claib FniLDiiir akd R. J. Gabni!B. Technical Communication 
13 of the Imperial Bureau of Horticulture and Plantation Crops, East 
Mailing, Kent, England, 1940, pp. 99, bibl. 284, 3«. 6d. 

W HEN in 1936 the Imperial Bureau of Fruit Production issued a tech- 
nical communication dealing with the vegetative propagation of some 
100 fruit varieties grown in the tropics and sub-tropics, it was not without 
misgivings as to the number of persons likely to be interested. That such 
fears were unwarranted was quickly shown by the demand on issue. This 
was immediate and so considerable as to necessitate the reproduction of the 
publication in the following year. 

The present work by the renamed Bureau, which deal.*-, appropriately 
enough, with the vegetative propagation of some 65 plantation crops, should 
form a useful companion volume. The help of technical experts has been 
invoked for adequate treatment of such major crops as rubber, coffee, cacao, 
etc., while the foreign literature has been thoroughly combed for details of 
propagation of the less familiar, but nevertheless, important crops. 

One feature of the previous work which commended it also to workers 
in temperate regions is retained and considerably enlarged. That is the 
section devoted to methods used in vegetative propagation. The descriptions 
there are supported by simple, clear line drawings of some 17 types of graft 
and 7 types of budding commonly used in vegetative propagation. 

In addition, tropical workers will be glad of the account and illustrated 
detail of the construction of loosely-woven potting baskets which have been 
found so useful a substitute for pots in nursery work in the tropics. 

For those who wish to study originals a list of references immediately 
follows the discussion on the propagation of each particular crop. 


OIPD--08 lOofAR- 4.9-40—760. 
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ORIGINAL ARTICLES 

THE PROBLEM OF INTER-PROVINCIAL PLANT QUARAN 

TINES IN INDIA * 

BY 

G. WATTS PADWICK 

Imperial Mycdlogisty Imperial Agricultural Research Imtitute, New Delhi 

AND 

B. N. UPPAL 

Plant Pathologist to the Bombay Government, Agricultural College, Poona 
(Received for publication on 2 January 1940) 

Crop categories in India 

I NDIA is frequently referred to as a sub-continent, a description it ac- 
quires by virtue of its separation from the rest of Asia on its northern 
boundary by the Himalayas. There are land-passes of fairly low altitudes at 
the eastern and western extremities of the range, but in general the moun- 
tains prevent the free passage of goods almost as effectively as the sea. Tlie 
rest of India is divided into two main areas, the northern plains, and the central 
and southern plateau. In the southern plateau there are only a few high 
elevations. The Western Ghats rise to an elevation of about 3,000 ft. with 
lieaks of nearly 9,000 ft. The Eastern Ghats have an average elevation of only 
about 1,500 ft,, with much lower peaks. 

The plains of northern India have a climate divisible into four distinct 
seasons ; the cold weather, from November or December (according to locality) 
to March or Aj)ril ; a period of extreme heat following ; the monsoon period of 
lesser heat and higher humidity ; and the post-monsoon i)eriod of September 
and October, with a second rise in temperature accompanied by a gradual fall 
in humidity. Southern India’s climate, at least in the lower altitudes, is a 
mild modification of that of the plains, the hot weather starting much sooner 
but never reaching the same heights, and the cold weather being modified. 
The Himalayas and the southern hill ranges contain considerable areas of 
temperate climate, isolated from one another hy areas of lower elevation with 
higher summer temperatures. Thus, for instance, the Nilgiris in Madras, 
Mahabaleshwar in Bombay, Kodaikonal and Nandi Hills (Madras), the East- 
ern Ghats in Madras and Orissa, the Vindhyas in CJentral India and the Central 
Provinces, are all separated by wide expanses of low-lying lands. In these 
hilly areas, temperate crops, notably fruits and vegetables, are grown. 
Again, in the Himalayas there are substantial areas devot^ to similar crops in 
Quetta, Baluchistan, North-West Frontier Provi nce, Kashmir, Kulu in the 

*^This paper w€W originally submitted for the Fomth Imperial Mycological Conference, 
to have been held in London in September 1939. The Conference was cancelled. The 
anticipated paper had, however, aroused interest outside India* and was submitted for 
pdblicartion here at the suggestion of the Director of the Imperial Mycological Institute, 
Kew. 
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Punjab, Ramgarh and Chaubattia in the United Provinces, and Sikkim, all 
isolated from one another by long distances although connected by a common 
elevation level. 

In addition to separation by mountain areas, there is another form of 
barrier in India, namely desert area. Actually there is only one such im- 
portant area, the Rajputana desert, an area of extremely high temperatures 
and low rainfall in which the crops are mainly those which can grow on the 
small amount of residual moisture resulting from the meagre monsoon showers. 

In brief, then, India consists of one large plain growing tropical or sub- 
tropical crops, cut up in many parts of the south by isolated hill ranges, and 
bounded on the north by the huge range of the Himalayas. It is like an ocean 
dotted with islands, the " ocean ^ being the area of low elevation having an 
almost continuous connection throughout, the ‘ islands * being the high eleva- 
tions, separated completely and frequently isolated from one another in this 
manner by great distances. 

The staple foodstuffs of India grow on the plains, the hills growing only 
special crops such as temperate fruits and vegetables, with a mere smattering 
of the staple crops such as wheat, jowar, maize, pulses etc. The staple food- 
stuffs (the pulses and cereals) and also the major fruits (oranges, mangoes 
bananas etc.) are grown throughout the lower elevations of India. Naturally 
there are areas particularly noted for certain crops. Thus, for example, the 
drier belt of the northern plains (west United Provinces and the Punjab) relies 
largely on gram (Cicer arietinum L.) as a pulse, whereas the wetter part of the 
plains (east United Provinces and Bihar) grows mainly pigeon-pea (Cajamts 
mjati’Y Yet both gram and pigeon-pea can be found in considerable quantities 
in Bihar and the Punjab — and indeed in any province of India. Rice, the 
staple diet of large parts of Bengal, Madras, and Kashmir, is a crop eminently 
suited for wet climates, yet it will be found in small quantities even in very 
dry areas provided a small spot of low-lying land can be found near a river- 
bed. Similarly the best bananas, and by far the largest quantities, are grown 
in Southern India (Madras, Bombay, Mysore etc.) but there are no low -land 
parts of India without their bananas, usually their own local varietv. 

With commercial crops, there is some difference. Jute, for instance, is 
restricted to a small area in Bengal, coffee to Travancore and Mysore, and tea 
to a few districts in Southern India and the north-eastern Himalayas. On 
the other hand sugarcane, which has developed commercially only in Bihar and 
the United Provinces to a substantial extent, is grown all over India for local 
consumption. 

The crops of India may conveniently be divided into six categories, as 
follows : — 

(1) The staple foodstuffs (grains and pulses) grown throughout the 
northern plains and southern lowlands, and to a very small extent in the 
hills. 

(2) The sub-tropical and tropical fruits, with a similar distribution. 

(3) Commercial crops of restricted distribution (e.g. jute, tea and coffee) 
hmited by chmatic factors. 

(4) Commercial crops of wide distribution (e.g. cotton, tobacco and sugar- 
cane I. 
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(6) Temperate crops of restricted distribution (e.g. temperate fruits such 
as apples, pears and plums) grown in the hills. 

(6) Temperate crops of wide distribution (e.g. common European vege- 
tables) grown during the warm weather in the hills and during the cold weather 
on the plains. 

Distribution of diseases 

No systematic survey of diseases has ever been conducted in India, for the 
simple reason that the number of plant pathologists has never been adequate. 
We are, however, able to get a certain amount of information in some cases, 
and since the question of quarantine cannot even be intelligently considered 
without some knowledge of disease distribution we have drawn heavily on 
published literature to gain some insight of the subject. Numerous publica- 
tions have been referred to, but particular mention may be made of ‘ Fungi 
of India ’ by Butler and Bisby, the ‘ Fungi of India — Supplement I ’ by Mund- 
kur, and * Fungi of Bombay ’ by Uppal, Patel and Kamat. By reference to 
these and numerous other publications it has been possible to list in Table T, 
we hope without many omissions, the recorded occurrence of the important 
diseases of a number of selected crops. In preparing this table we have select- 
ed a few important crops from all six ‘ categories ’ described above. We have 
listed all the diseases occurring on these crops in India which have either shown 
themselves capable of causing severe damage in India itself or else are known 
to cause severe injury in some other country. The diseases thus analysed 
total sixty-eight. 

Table 1 


Recorded distribution of fungous diseases of some important Indian crops, which 
cause set^ere damage or are considered potentially dangerous 
judging by their behaviour elsewhere 


■ 



1 


Crop 

Category 

Dlseaflc | 

j 

Cause 

Dwtribution 

Wheat 

i 1 

Stem rust 

Pucciniu graminis Per?. 

General 



Brown rust ' 

‘ Pwicinia trUicina Erikss. 

General 



Yellow rust j 

Puecinia glumatvm (Schm.) Erikss. 
and Hcnn. 

Northern India and 
Nilgiris 



Loose smut 

Ditilago tritici (Fers.) Jensen. 

General 



Leaf spot 

Septoria tritici Deem. 

Punjab 



Boot*rot 

BehninPioitporwm sativum F. K. and B. ' 

Fusa (Bihar) 



Flag smut 

Uroeyitu tritici Eoem. 

Punjab 



Indian bunt 

; NeofWfta tfidiea (Mitra) Mundkur 

Punjab and N.-W. F. F, 



Bunt 

i TiUstia caries (DC.) Tul. j 

1 TUUtiafoetans {Bark, and Curt.) Tul. | 

Himalayas 

Barley 

1 

Covered smut 

1 UstUaffo hordei (Fers.) Kellerm. and 

1 Swi^le 1 

Genera] 



Stem mat 

1 Pueeinia graminis Vers. 

General 



Yellow rust 

' Pueeinia gJunumtm (Schm.) Erikss. 

1 and Henn. 

Northern India and 
Nilgiris 
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Table I — contd. 


Crop 

Barley 

Gate 

Jowaf 

(Sorglmm) 

Pigeou-pea 

Gram 

Citrus 

Mango 

Jute 

Rubber 

iUdvea) 


Category Discal^c 


1 Stripe 

Boot-rot 

Net blotch 

1 Smut 

Leaf spot 
1 Grain smut 

Long smut 
Downy mildew 

1 Wilt 

Root-rot 

1 Blight 
Wilt 

2 Canker 
Oumosis 

Withor-tip 

2 Sooty mould 

! Twig blight 
I Anthracnose 

I 

;i I Root-rot 

i 

3 I Leaf-fail 

Pink disease 

I 

Mildew 

Leaf-fall 

Die-back 

Uo »t-rot, 


Cause 


I Distribution 


' Belwinihoiporivm fframinevm Babenh, | Pusa (Bihar) and 

I Punjab 

Belmintkosporium tatimm F. K. and Pusa (Bihar) and 
B. Punjab 

Eeltnintho$poHvm teres Sacc. Pusa (Bihar) and 

Punjab 

Vstilago avenae (Pers.) J ensen General 

Belminthosporium arenas Bid. General 

Sphacelotheea sorghi (Link) Clinton General 

I Tolyposporittm BhfenHrgii (KiJhn) Pat. General 

: Sclerospora sorghi (Kulk.) West, and General 
I Uppal 

' Fusarium rasinfedim Atk. ( ? ) General 

! Maerophomina phaseoh (hfanhl) Ashby ^ General 

Mycosphaerella rahiei Kovachevsky Punjab and N.-W, F. P. 

I Fusariim ap. General 

j Pseudomonas Hiri Basse General 

Phptophthora palmirora Butler Throughout the Boui- 

bay-Decenn. 

CoUetotriohum gloeosporioides Penz. General 


, Dimerosporium mangifenm Cke. and ! Mysore : Punjab and 
I Br. i U.P. 


? Dotheorella mangiferae Syd. 

OlomereUa cingulata (Stonern.) Spauld. 
and V. Schrenk 

Macrophomina pkaseoli (Maubl.) Ashby 
Phptophthora palmivora Butler 

Phptophthora meadii McRae 


Corticium salmonicolor B. and Br. 

Oidium hevae Steinman 
Gloeosporium alborubrum Fetch. 
Botryodiplodia theoibromae Pat. 

Pomes lamoensis (Murr.) Sacc. and 
Trott. 

, Oanederma pseudoferreum yon 

I Overeem and Steinman {Pomes 
j pseudoferreus Waket.) 


I Liifknow, V, P, 

I Madras and Punjab 
I (common on other 
} hosts elsewhere) 

I Bengal (and throughout 
j India on other hosts) 

j Throughout the Bevea^ 

I growing districts of 
Burma and South 
! India 

I There is seme confu- 
I sion as to the iden- 
tity of the two orga- 
nismB» Dastur havtiig 
suggested that they 
are identical. In any 
case Phptophthora pat- 
mirora at least it 
widespread on several 
hosts 

Widespread in the 
Nevsa-growing districts 
of Assam, Burma and 
South India 
Travancore 

Travancore 

Burma. The fangus 
is of general distribu- 
tion on other hosts 
P. lamoensis is of gene- 
ral distribution ; G. 
pseudojferreum has 
been rei oited from 
Burma 
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Tabus I—condd. 


Crop 

Category 

Disease 

Cause 

Distribution 


4 

Bed-rot 

C(Metoirichum falcatum (Wont.) 

General 



Wilt 

Cephaloiporium taechari Butler 

General 



Bmut 

VttUago teiiatninea Byd. 

General 

! 


Top-rot 

(Pokkah-beong) 

FuMarium monUif&rtne Sheld. 

j 

General 



Mosaic 

Virus 

General 

Ooiton 1 

4 

wut 

Fuiarium vasinfeetum Atk. 

General 

1 


Root-rot 

Maerophomina phateoli (Mniibl.) Ashby 

General 



Anthracnose 

QUmerdUt Gosttypii (Southw.) Kdg. 

Pusa (Bihar) 

1 


Blight 

Colleiotfiekum indievm Da-tur 

Central Pro\ inces 

i 


Angular leaf-spot 

Pteudomotmt malmceatum . 

Punjab 

TobMOO 1 

4 

i.eaf-spot 

Cercospora nirrjtianaf^ Ell. and K\ . 

General 

1 


Wilt 

liacterivfn iolanaceamnt K. F. Sin. 

, Bengal (and in various 

1 j arts of India on 

1 potatoes) 

> General 



Mildew 

Erytiphe Hehoravearvm D(\ 


4 

Mosaic 

Viius 

(ieneral 



I.eaf-curl 

Virus 

Northern India and 
Bomba > 

Coconut 

4 

i 

Bud-rot 

Boot-ro* 

Phytophthcra palnniora Butler 

y 

Throughout the coconut 
districts of Bengal, 

1 Madras and Southern 
India. The disease is 

1 also common on i/oro«- 
8US Jlabellifer almost 
w henver grown 
i Widesi read in the 
SoutluTii Peniiii*ula 



Bleeding disease 

Thielaviop$i$ paradosta (de Seynos) v. 
Uohnel 

T1 roughout southern 
and enutern India 

Peach 

5 

Powdery mildew 

SphoprUheca pannoia (Wollr.) Lev. 

Kashmir 



Leaf-curl 

Brown-rot 

Taphrina defmmnns (Berk.) Tul 

Scelerotinia ctnerea (Ben.) Schroot. 

1 Mount ainouB traits of 
Assam, Bihar, U. P., 
Kashmir, Punjab and 
; K.-W.F. P. 

Kashmir ? 

Apples 

5 

Root-rot 

? RmeUinia sp. 

United Provinces 



Die-back 

Batryoipfuteria ribit 0. and D. 

United Provinces 



Branch blister 

Coniothecium rhomatosporvp) Cda. 

Kumaon hills, U. P. 



Powdery mildew 

Podatpha^ra Ifvcotrirha (Ell. and Ev.) 
Salmon 

' Punjab, Kashmir and 
j United Provinces 



Scab 

Venturia inatqualu (Cooke) W int. 

Kashmir and Punjab 

PoUtoes 

0 

Barly blight 

Ali^maria $olani (£11. and Mont.) Jones 
and Grout 

j General 



Scab 

Aetinomyen icabiu (Thaxt.) Gus^ow 

Klmsi bills and Bom 
! bay 


, 

Late blight 

Phytophthora inje9(afi$ de By. 

1 

Himalayas, Khasi hills, 

' Assam, Bengal plains 

I 


i 

Dry-rot 

FtMarttffa spp. 

1 General 


1 

Baoteila] wilt 

Bacterium sotanacearum £. F. Sni. 

! Bombay, Mysore, Unit- 
; ed Provinces, JSilgiria 
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Th© following conclusions can be drawn from the table (Table I) at a 
glance. 

(1) Of the sixty-eight diseases considered, twenty-seven are of gene- 
ral distribution tliroughout India, while in another six cases the fungi con- 
cerned have a wide distribution on other hosts. Of the remaining thirty-one 
diseases, fourteen are common in most parts of the country where the crops 
are grown, but have not been listed as being of ‘general distribution because 
the crop itself is rather limited to special areas. 

(2) There remain only twenty -on© diseases of which the records indicate 
possibly a narrower distribution. 

(3) The proportions of cases in which possibly a narrow distribution is 
indicated, as divided amongst the various crop categories, are indicated in 
Table II. 


Table II 


Proportions of diseases of wide and narrow distributions in India 


Category 

Description 

1 

i Diseases of 
fairly wide 
distribution 

] 

1 

1 

Diseases of 
possibly nar- 
rower distri* 
j bution 

I 

1 

Staple foodstuffs (grains and pulses) 

1 

16 

8 

2 

Sub ‘tropical and tropical fruits 

5 

1 

1 

3 

Commercial crops of restricted distribution 

1 ^ i 

2 

4 

Commercial crops of wide distribution 

15 

3 

5 

Temperate crops of restricted distribution 

2 

6 

« ; 

1 Temperate crops of wide distribution 1 

i 

4 1 

1 

1 


In reaching the above conclusions, however, one point must be made clear. 
If the figures err at all, they err in the direction of multiplying unduly the 
‘ diseases of possibly narrower distribution Three of these diseases (root-rot 
of barley, scab of potatoes, root-rot of apples) are soil-borne and may readily 
have escaped identification. Some are no doubt restricted by climatic con- 
ditions to certain districts. Yet others may have been observed in other 
districts but not reported, or may have escaped observation. 

Feasibility and limitations of quarantine between neighbouring 

PROVINCES 

It has been pointed out that geographically India consists of one large 
plain with a number of isolated hill or mountain tracts. The provincial bound- 
aries bear very little relationship to the topography, and the hill tracts may be 
divided between a number of provinces. The natural barriers in the form of 
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mountains or deserts or climatic conditions are few. A large number of severe, 
diseases are widespread ; a few may be of more limited distribution. Several 
questions now arise. Can we expect to control the spread of diseases by inter- 
provincial regulation of traffic in plants and plant products ; if so, should legis- 
lation be general or restricted to certain diseases ; and finally is it likely to pay, 
the anticipated savings being likely to exceed the cost of administration ? 

There is at present a considerable inter-provincial trade in propagative 
material and material such as grains and pulses capable of being used for pro- 
pagative purposes. The propagative materials include seeds, tubers, cuttings, 
seedlings, bulbs etc. The food-stuffs liable to transport diseases are mainly 
seeds, fruits and tubers. There is no guarantee that goods transported for 
consumption will not be used for propagation. 

There are large numbers of points of entry between one province and 
another, and transport may be by road, rail or water. 

There are, according to McCubbin [1936] five recognized types of qua- 
rantine action : — 

Embargo 
Detention 
Disinfection 
Inspection 
Unrestricted entry 

Embargo could certainly only be applied in very rare cases. It probably 
could not be used for crops of categories 1 and 2 (basic foodstuffs and fruits 
of the plains) in which there is extensive inter-provincial trade. The indica- 
tions are that in crops of categories 3 and 4 (commercial crops) the potentially 
dangerous diseases are widely distributed and quarantine measures are not 
called for. 

Detention, which means holding in quarantine during a fixed period of 
observation, needs a far greater expert staff than embargo. It might be adopt- 
ed in the case of a few specific crops of categories 3 (commercial crops of re- 
stricted distribution) and 5 (temperate crops of restricted distribution), pro- 
vided a specific case w^as made out. 

The value of disinfection has been analysed by McCubbin and has been 
shown to be an important procedure only in the case of seeds. At the present 
time, however, we have no means of knowing, for the vast bulk of seeds trans- 
ported (cereals and pulses) whether they are to be used for seed or consump- 
tion. Many of the best disinfectants are poisonous and there is little doubt 
that disinfected seed crossing a provincial frontier would lead to numerous 
cases of litigation and finally to a serious hampering of trade, to say nothing 
of the immense staff requir^ for the purpose of disinfecting. 

Inspection has been shown by McCubbin to have in itself very low rank 
for purposes of exclusion ; at the same time it requires a very large expert staff. 
It is considered by McCubbin to be a distinct quarantine function only when 
it alone is depended on as a means of protection. There are certain cases of 
vegetatively propagated plants, such as fruit trees and grafts, in which a con- 
siderable trade is done. Embargo is out of the question and disinfection 
methods cannot be used unless the exact details of the disinfection required 
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are known. If we are to have protection it must be through inspection or 
detention, and since detention may in some cases result in severe damage to 
the plants, inspection may prove most useful. 

Unrestricted entry is considered by McCubbin to be safe for a large propor- 
tion of seeds. This is particularly fortunate, for the inter-provincial commerce 
in seeds, used either for propagation or for food, must be very great and there 
is little hope of adopting, at the present time at any rate, any method of 
treating this type of product, or even of adequately inspecting it. 

To summarize, it seems that for the bulk of plant products in India, i.e. the 
foodstuffs (grains, pulses and fruits) grown on the plains, we are not at present 
justified in establishing inter-provincial quarantines, for the following reasons 

(1) Embargoes would interfere with trade, detention is useM only for 
growing plants, and disinfection is dangerous. 

(2) Adequate inspection of plant products generally would involve staffs 
completely beyond the power of the provinces to provide. 

(3) The plains crops are on the whole wridely distributed. Many of their 
diseases are similarly distributed, but in the absence of survey data we cannot 
say if this is true for all. It is difficult to name more than one or two cases 
where inter-provincial quarantine of this type could be expected to pay for 
itself, 

(4) In these crops the largest commerce is in seeds, which according to 
McCubbin are the most safe category of plant products for unrestricted entry ; 
and fruit, which possibly does not serve largely as a distributor of disease. 

(6) The plains crops are widely distributed, with few natural boundaries 
to prevent spread of diseases. 

It is possible, however, that even amongst these crops there are specific 
cases for quarantine in propagating materials other than seed. In bananas 
the dangerous virus disease ‘ bunchy top ’ has recently been suspected in two 
places in India. There is every reason why measures should be adopted to 
prevent suckers being sent from these places to healthy districts. Other similar 
cases may exist amongst virus diseases of vegetatively propagated plants. 

The commercial crops of wide distribution such as sugarcane and tobacco 
have a very high proportion of their diseases distributed over wide areas, 
indicating that here little would be gained by quarantine measures. Those 
of narrower distribution have not been sufficiently thoroughly analysed to 
reach a very reliable decision, but even here the indications are of fairly wide 
distribution except in the case of two newly reported rubber diseases. Some 
restrictions designed to prevent distribution of rubber mildew {Oidium Jievae 
Steinman) seem called for and should not be impossible with a crop grown by 
larsre planters. 

As regards temperate crops, very considerable sums are at present being 
spent in research on cultivation of fruit in the hills. Many of the zones are well 
isolated from one another by long stretches of unfavourable climate. It seems 
as if there might be cases here for adopting the practice of examination and 
detention when plant parts for propagation are sent from one area to another. 
There would, however, be certain inter-provincial boundaries where the rules 
might be relaxed, as these boundaries do not as a rule coincide with topogra- 
phical areas. 
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Basis for legislative action 

The National Plant Board of America [1932] has indicat^ed four funda- 
mental prerequisites for the establishment of a quarantine, which do not suffer 
from repetition. They are as follows : — 

(1) The pest concerned must be of such nature as to offer actual or 

suspected threat to substantial interests ; 

(2) the proposed quarantine must represent a necessary or desirable 

measure for which no other substitute, involving less inter- 
ference with normal activities, is available ; 

(3) the objective of the quarantine, either for preventing introduction 

or for limiting spread, must be reasonable of expectation ; 

(4) the economic gains expected must outweigh the cost of adminis* 

tration and the interference with normal activities. 

The first prerequisite has a striking significance which may easily be 
overlooked. It eliminates at once the idea of basing legislation on a general 
footing. Experience has shown that the proper basis is the individual pest 
or disease. The obvious sequence is that we must know the distribution of 
our pest, or pathogen, its life-history, its potentiality for damage and the 
definite possibility of gains resulting from quarantine action. We now have a 
fair knowledge of many life-histories, and have a fair idea of potentialities for 
damage. We lack in many cases the all-important knowledge of distribution. 
The most likely place where quarantine may successfully and profitably be 
established seems to be in isolated hill tracts where efforts are being made to 
establish new temperate fruit and vegetable crops or to extend their cultiva- 
tion. It is exactly in these crops that our knowledge of distribution is most 
lacking. The case of Botryosphaeria ribis causing the die-back disease, and 
Ventvria causing scab of apples are cases where quarantine legislation might 
be valuable. There may be others also. 

Intensive survey work is being done in Chaubattia (U. P.) and it needs 
extension to other areas. This is our fundamental requirement in India, and 
until this is fulfilled we do not seem to be in a position to meet the ‘ fundamental 
prerequisites ’ outlined by the Plant Board of the United States of America . 

Summary 

The crops of India may conveniently be divided for quarantine considera- 
tions into six categories, as follows : — 

(1) The staple foodstuffs (grains and pulses) grown throughout the 

northern plains and southern lowlands, and to a very small 

extent in the hills. 

(2) The sub-tropical and tropical fruits, with a similar distribution. 

(3) Commercial crops of restricted distribution (e.g. jute, tea and coffee) 

limited by climatic factors. 

(4) Commercial crops of wide distribution (e.g. cotton, tobacco and 

sugarcane). 

(5) Temperate crops of restricted distribution (e.g. temperate fruits 

such as apples, pears and plums) grown in the hills. 

(6) Temperate crops of wide distribution (e.g, common European 

vegetables) grown during the warm weather in the hills and 

during the cold weather on the plains. 
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In the absence of any systematic survey data for India, an analysis has 
l^en made from various published works which gives the best possible indica- 
tion of the occurrence in India of sixty-eight diseases of important crops* 
These diseases are only those which are known to cause severe damage where 
they occur in India or in other countries. It is found that m thirty-three 
cases the organisms concerned are widespread throughout India, while at least 
fourteen more are found almost throughout the narrow geographical limits 
of the crop concerned. There remain only twenty-one cases in which the 
records indicate a possibly Tiarrower distribution, though for reasons stated 
this figure is probably an over-estimation. 

In considering the apphcaton of quarantine measures the problem has 
been considered from various aspects. The piinciples recognised by the 
National Plant Board of the United States of America have been taken into 
consideration. These are briefly as follows : — 

(1) The pest concerned must offer a threat to substantial interests. 

(2) There must be no better substitute for the proposed quarantine. 

(3) The objective of the quarantine must be reasonable of expectation. 

(4) The economic gains must outweigh the cost of administration. 

Adopting these principles, the various crop categories have been considered 

individually from the point of view of the five types of quarantine action re- 
cognised by McCubbin, namely, embargo, detention, disinfection, inspection, 
and unrestricted entry. 

The conclusion reached is that the only strong case for inter-provincial 
quarantine in India is in the temperate crops of restricted distribution (the 
temperate fruits of the hills). There may perhaps be one or two special cases 
in virus diseases of vegetatively propagated crops on the plains, but national 
rogulations are dependent on survey work for which at the present time India 
has no facilities. 
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Introduction 

In the first paper of this series [I^adwick, 1939] it was pointed out that oon- 
itradictory evidence exists with regard to the ability of the species of Fnsa- 
rium isolated from cotton (Oossypium sp.), pigeon-pea (Cajanus cnjan) and 
sunn-hemp {Crotalaria juncea) to j)ass from one host to another and bring 
about infection. 

Butler [ 1918] said ‘ The pigeon-pea F usarium has not been found on 
any other plant When Vin(*ens [ 1921 ] described the wilt disease of 
Crotalaria he said that the organism more closely resembled F . ndum Butl. 
than F . vasinfectum. Small [1920] made isolations from wilted carnations, 
Nigella and Delphinium and found that tlie fungi isolated could readily cross- 
infect the three host species. Again the same author [ Small, 1922 ] referred 
to successfiil cross-inoculation of Delphinium with an organism from cashew 
{Anacardium occidentale). A similar fungus was isolated from Grei^illia robusia 
and caused infection of Grevillia plants but not of Eugenia janibos and Erio- 
botrya japonica, from which isolates of similar appearance were obtained. 
Pigeon-peas grown in soil known to be infected succumbed to w ilt and the 
Fusarium was isolated. It was considered to be F. udum Butl. In a later 
paper Small f 1925 ] related that a Fusarium considered to be F, udum was 
found associated with potato -tuber rotting. It was proved to be able to rot 
potatoes and sweet potatoes. The fungus w^as also found on wilted beans 
{Phaseolws sp.) but could not reproduce the disease under normal conditions, 
though it could cause disease under conditions exceptionally favourable for 
its development. The conclusion was reached that the pathogenicity of F. 
udum * depends less on the strain of the fungus and the presence of a possible 
host plant than on the environmental conditions under which the fungus 
comes into contact with its host Hansford [1939] concludes that the 

707 . 
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Fumria associated with wilt diseases of some plants in Uganda are not res- 
tricted in pathogenicity to a single species of host. 

Mitra [ 1934 ] found that Fumrium vasinfectum attacking sunn-hemp can 
attack also pigeon-pea, though not cotton, whereas Uppal and Kulkami [1937] 
were unable to infect sunn-hemp with the organism from pigeon-pea or vice 
versa. 

It was with a view to throwing light on this controversy that isolations 
and cross-inoculation studies were made. These are described in this paper. 

Material 

For the purposes of this study infected material was obtained from wilted 
cotton seedlings from Parbhani (Hyderabad, Deccan) ; from wilted pigeon- 
pea from Pusa (Bihar), Rudroor (Hyderabad, Deccan) and Cawnpore (U. P.) ; 
from wilted sunn-hemp from Pusa (Bihar) and Cawnpore (U. P.). Cultures 
of Fusarium vasinfectum from cotton and from sunn-hemp were kindly supplied 
by Dr B. N. Uppal, Plant Pathologist to the Government of Bombay. 

Experimental 

The isolations were made during a period of sixteen months, and it was 
only towards the end of this period that a standardised method of isolating 
and recording the results was adopted. Thus for a few of the isolates studied 
data are incomplete as to the number of pieces of tissue plated out and the 
number of similar isolates obtained. Some of the earlier isolates were made 
from comparatively superficial tissue of the wilted plants, whereas at the later 
dates not only the bark but a deep layer of the cortex was removed and only 
the innermost woody tissues were taken for plating. In the earlier isolates 
the method of isolation was immersion of the tissue in 0 • 1 per cent mercuric 
chloride solution for two minutes followed by washing in alcohol, w^hereas 
later the pieces were immersed for tw’o minutes in one per cent silver nitrate 
solution and then dipped in two per cent sodium chloride solution in order 
to deposit the silver as chloride. 

Three experiments in all were conducted. The first and second were 
done in 1938, and were merely preliminary tests of pathogenicity of the early 
pigeon-pea isolates on pigeon-pea and sunn-hemp isolates on sunn-hemp 
respectively. The third experiment was made in 1939. By this time fifty-one 
representative isolates had been selected for the study and all these isolates 
were tested for infectivity of cotton, pigeon-pea and sunn-hemp. The method 
used in this experiment will here be described in detail and apart from minor 
points the same method was used for the first two experiments. 

Single-spore cultures of certain of the isolates were obtained by marking 
the single spores in dilution plates and removing them when they had germinat- 
ed. The cultured were grown on a sterilized mixture of ten parts commeal, 
ninety parts soil and thirty parts water in Erienmeyer flasks. The soil was 
inoculated on June 26th and 27th, 1939, and the fungus allowed to grow until 
July 19th, when the soil was removed from the flasks, after making brief 
notes on the amount of growth of each isolate. This growth was recorded as 
foBows : — 

Poor (very little penetration of soil). 
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Moderate (mycelium apparently grown about half-way through the 
soil). 

Good (most of the soil ramified by mycelium). 

Excellent (soil completely ramified by mycelium). 

The soil in all the flasks of one isolate was thoroughly mixed. 

Soil sufficient for 620 eleven-inch earthenware flower-pots, prepared by 
mixing one load of well-rotted cowdung with five loads of silty Delhi soil was 
sterilized in autoclaves at 20 Ib. per square inch pressure on July 17th to 20th. 
After thorough mixing it was placed in the pots. 

In each pot 150 gm. of inoculum were spread on the surfac^e of llie soil, 
except with cultures F 25, F 152 and F 6, of which the quantities were res- 
pectively 125, 130 and 125 gm. only, due to rejection of certain contaminated 
flasks. In tliis way twelve pots were infested with each organism, sufficient 
for four pots each of cotton, sunn-hemp and pigeon -pea. In addition there 
were, as controls, forty-eight pots (sixteen for each host) of similarly steri- 
lized soil to each of which was added 150 gm. of sterilized maize-meal-soil 
mixture without any organism. Eight seeds of cotton (Malvi 9, kindly sup- 
plied by the Botanist, Institute of Plant Industry, Indore), pigeon pea (1. P. 
Type 5) and sunn-hemp (a local variety from Pusa) were placed in their res- 
pective pots (four replicates of each culture and sixteen controls) and were 
covered with sterilized soil. All the host varieties used are known to be 
liighly susceptible to wilt. 

The first wilted cotton plant appeared on August IGtli, twenty-seven 
days after sowing. Tlie first appearance of wilt in pigeon-pea was on August 
2nd when the seedlings were only thii-teen days ohl, ami in sunn -hemp on 
August 7th when the seedlings were eighteen days old. For several weeks the 
development of wilt was slow, but gradually increased until on September 11th 
the maximum was reached with fifty-one plants wilting on that day. After 
September 20th wilting fell off rapidly so that in the first week of October 
only thirty- four plants wilted. Owing to the large size of the plants at this 
time they showed signs of crowding in the pots and the experiment w^as 
discontinued on October lUth. Each day as the wilted plants were observed 
they were kept and numbered for the purpose of isolation. 

The methods used in the first two experiments differed from those in the 
third mainly as regards the following : — 

(1) Only six-inch pots were used, with six seeds in each, but there were 

six replicates. 

(2) Prior to sowing the seeds were sterilized with formalin. After 

some deliberation this was not done in the third experiment 
owing to the possible danger of interfering with germination. 

The results of these experiments are summarized in Table I. The host 
and locality are listed, together with the number of morphologicallj'^ similar 
isolates and the total number of isolates of Ftisarium, It is also stated whether 
the cultures were obtained from single spores. In columns 8-13 w^ill be 
found the total number of seedlings which germinated and the number of 
plants which wilted in the third experiment, while in parenthesis the results 
of the first and second experiments are given. The amount of growth noted 
in the flasks is also given in Table I. 
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Plate XXVIII illustrates the general lay-out of the main experiment, and 
Plate XXIX shows a closer view of some of the series in infested soil, 
illustrating clearly the inhibition of germination. 

Table II 


Summary of infection levels in the wilt-producing organisms 


Culture 

Isolated 

from 

Cotton 

plants 

wilted 

Pigeon-pea* 

plants 

wilted 

Sunn-hemp ♦ 
plants 
wilted 

Growth of 
fungus in 
flasks of 
soil 

F 147 

Cotton 

18 

1 

0 (17) i 

0 

Poor 

F 2 

Pigeon-pea 

0 

27 (17) ; 

0 

99 

F 6 

»» 

0 

25 (32) 1 

0 

99 

F (i 


0 

31 (32) 

0 

99 

F 7 

9f 

0 

30 (27) 

0 

99 

F 10 

y» 

0 

32 (25) ' 

1 

99 

F 11 


0 

2fi (32) ! 

5 

99 




(In one repli- 





! cate only) 


F 12 1 

»» 

0 

27 (31) 

2 

99 

F 59 j 

ff 

0 

10 

0 

99 

F 137 ! 

*> 

0 ' 

32 

3 

Moderate 

F 139 

»» 

0 

29 

0 

Poor 

F 164 ' 

>• 

0 

30 

2 

Moderatf^ 

F 165 j 

»> 

0 

26 

2 

99 

F 171 i 

*» 1 

0 

31 

0 

99 

F 172 

I 

»» 

0 

32 

0 

Poor 

F 173 

9t 

0 

32 

0 

99 

F 174 

ff 

0 

26 

0 

99 

F 175 

r» 

0 

24 

2 

99 

F 176 

tf 

0 

30 

1 

99 

F 13 

Sunn -hemp 

1 

31 

1 (0) 

1 »» 

F 15 j 

99 

0 

30 

1 (0) 

Moderate 

F 17 

99 



13 


F 18 

99 

0 

2 

10(11) 

Poor 

F 19 

99 

0 

0 

6 (18) 

Good 

F 26 

99 

0 

0(0) 

14(12) 

Poor 

F 166 

99 

0 

0 

23 

Moderat/e 

F 168 

99 

0 

0 

23 

! 

99 



Doubtful Cfiaea 



F 25 

Cotton 

4 

1 (0) i 

0 

Poor 

F 3 

Pigeon-pea 

0 

3(0) 

0 

Excellent 

F 4 ' 

»» 1 

0 

0(7) 

1 

Moderate 

F 167 

Sunn-hemp j 

0 

0 

7 

Excellent 

F 169 

>» 

0 1 

0 i 

9 

99 

F 170 

>9 

0 I 

0 1 

5 

99 


I 


* Figures in parenthesis refer to experiments 1 and 2. 
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Conclusion 

The major experiment, on which our conclusions must largely be based, 
involved the use of fifty-one cultures, some hundreds of flasks, and over 600 
pots containing in all about four tons of soil which had to be sterilized. Once 
completed there were numerous ways in which contamination from pot to 
pot could take place — by water, animals, birds and insects, and workers' 
hands to mention only a few. Precautions were taken to reduce these to a 
minimum. Taking into account these various possible sources of error the 
number of wilted plants appearing in the controls can be considered ver 3 ’' 
low. 

Considering the results first in a quite general way, we find that of the 
sixteen isolates from cotton seedlings from Hyderabad, only one caused wilt 
but a number of them prevented normal germination. It is noteworthy that 
the various isolates showed different tendencies in this respect. For example 
F 140 practically inhibited germination of cotton and pigeon-pea ; F 142 
severely reduced germination of cotton and sunn-hemp but had no deleterious 
effect on pigeon-pea ; while F 163 reduced the germination of all three. None 
of the isolates which produced this harmful effect on germination appeared 
capable of causing wilt at a later stage. 

Owing to a certain number of wilted plants appearing in the controls it 
is necessary to take a safe margin of percentage infection as an indisputable 
proof of pathogenicity. It is therefore proposed to accept ten or more wilted 
plants as a reliable indication of ability of the fungus to produce wilt. Less 
than ten wdlted plants may be regarded with a certain amount of reservation, 
while cases with two plants or less may be disregarded entirely. Adopting 
this procedure we are able to list the cases of proved patliogenicity and the 
doubtful cases, together with the number of idaiits wilted and the condition 
of growth of the fungi in the flasks of soil. We thus get in Table II a brief 
summary of the salient points of Table I. 

It is very clear that the most pathogenic isolates are almost, if not entirely, 
restricted to one liost. Curiously enough, it happens that tw’^o isolates, Flo 
and F 15, obtained from sunn-hemp, produced only a wilt of pigeon-pea. 
These two isolates were obtained from the same group of plants as F 17 and 
I 18, both of which produce only wilt of pigeon-pea. These particular isola- 
tions were made before the technique had been perfected and it is quite possible 
that they may have come from the superficial cortical tissue. One can easily see 
how, with a mass culture, one might obtain both strains from such tissue as a 
mixture. Botli the pigeon-pea and sunn-hemp pathogens might readily be 
obtained together in cultures and might be expected to infect both hosts. 
Thus we have one possible explanation of the divergence of results obtained 
by various workers, some of whom have found the pigeon-pea and sunn-hemp 
organisms highly specific whereas others have found that they possess an 
infective range of several hosts. 

One other curious and highly interesting observation may be made here. 
It will be seen that the highly pathogenic forms made poor or, at best, moder- 
ate growth on the niixture of soil and cornmeal used as inoculum. On the 
other hand, the organisms which caused a much lower percentage of wilting 
grew well in the flasks, all three of the less effective sunn-hemp organisms 
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having ramified the soil and producing considerable serial mycelium. The full 
significance of these facts will become clear in the next contribution of this 
series which will, to a large extent, resolve the confusion at present existing 
with regard to the taxonomy of these fungi. 

Summary 

1. Cultures of Fusarium were isolated from cotton {Gossypium sp.), 
pigeon-pea {Gajanm cajan) and sunn-hemp (Crotalaria juncea). Fifty-one 
such isolates were tested for their pathogenicity against all three hosts. 

2. Most of the cotton isolates failed to cause wilt, but a number of them 
caused low germination by attacking and destroying the seeds. Some isolates 
produced this effect on cotton, others on pigex>n-pea, and yet others on sunn- 
hemp or on two or three of these. 

3. As regards wilt there was a high degree of specificity and few if any 
cases of wilt resulted from these inoculations. Two isolates from sunn-hemp 
were specific for pigeon-pea. 

4. The isolates causing severest wilting were those which grew least 
vigorously on the mixture of soil and maizemeal used for infesting the soil. 
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Introduction 

I N India cane is grown under varying conditions of soil and climate either 
with irrigation or without irrigation but under well-distributed rainfall during 
a single monsoon or two monsoons. In the Deccan canal-tract, owing to 
the very scanty rainfall it is grown under irrigation throughout the year 
and very high yields are recorded. 

Before the commencement of the Sugarcane Research Scheme at Pade- 
gaon with the munificient grant from the Imperial Council of Agricultural 
Research, a collection of canes from different parts of the world, like 
Queensland, Mauritius, Java, Barbados, Hawaii and from India — as Hebbal- 
Mysore and Coimbatore — was made and grown in the museum for study for a 
number of years at Manjri, the oldest sugarcane experimental station, near 
Poona. 

Flowering varieties were not much in favour with the cultivators as they 
failed to supply the green tops, so very necessary for feeding the bullocks 
used for crushing the cane, in the course of gyl manufacture. Some of the 
flowering varieties— like Manjav (B 376), D 109, J 213, J 36, Str. D 109, B 208, 
B 1528, H 109, HM 337 and the non-flowering canes HM 544, HM 310, HM 
89 — were under final trial at Manjri as well as at the two substations at 
Baramati and Kopergaon on the Deccan canals. 

The varietal trials till 1926 have been well described by Patil and Pat- 
wardhan f 1925 ]. Subsequent to 1925, the varieties POJ 2878 and EK 28 
were brought under trial and after four years’ testing, the variety POJ 2878 
was supplied to the Belapur Sugar Factory and EK 28 was introduced among 
the cane-growers. 

Out of these varieties, only D 109, HM 544 and HM 89 spread a little 
among the cultivators till the introduction of EK 28 and POJ 2878 in 1931. 
These varieties being of rather high fibre-content spread mostly among the 
cultivators with power crushers. 

From this period onwards, with the passing of the Tariff Act by the 
Government of India, the aspect however changed owing to the rapid springing 

♦ This scheme is partly subsidised by the Imperial Council of Agricultural Research. 

m 
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up of the sugar factories. The breeding work on the noble canes which was 
started at Coimbatore in 1926 had also evolved a number of selections with 
promise of success. Hence the selection work described in this paper com- 
prises trials both for the factories and the cultivators. 

Soil 

Padegaon Sugarcane Research Scheme is situated on the Nira Right 
Bank Canal in Satara district, about forty five miles from Poona on the old 
Poona-Satara Road, elevation above sea-level being 1804 ft. The soil be- 
longs to the group of black cotton soil which is further classified by Basu 
and Sirur \ 1938 ] by the modern genetic method into distinct types. The 
soil of the farm falls under the type ‘ B and is described as follows : — 

‘Dark grey soil rich in clay np to a depth of two faet overlying a layer with lighter 
texture interspersed with patches of brown material, extending up to about 
four feet. Below this is a brownish red liorizon with similar texture with con- 
cretions of calcium carbonate and silicates. This layer varies in depth and 
usually goes up to murum.’ 

The sub-soil water-level is found to fluctuate between 6 and 10 ft. 
Meteorology 

Average rainfall of the jdace is only 18 in. but most of it comes in Sep- 
tember and October. There is also a great variation from year to year as 
has been showui in Table I. The highest maximum and the low est mini- 
mum temperatures ever reached w ithin the five years are 109^F. and 37'5°F. 
resj^ectively w ith the average wind velocity of 7-34 miles ])er liour from April 
bo September (the maximum being 9*05 miles per hour in May) within which 
period it is at its maximum. Full data for five years are graphically illust- 
rated in Figs. 1 and 2. 

Owing to s))oradic nature of rainfall distribution and its insufficient 
quantity, the cane is required to be grown with irrigation water from canals 
from the time of planting till harvest, during w hich period nearly thirty-four to 
thirty-five irrigations at ten-day interval are to be given. In spite of this cont- 
rolled irrigation, it is traced tliat deviation in climate does influence c ane-grow th 
and in the end affects the yield. In Northern India and the United Provinces 
the critical periods are (1) hot summer and (2) winter, characterised by 
want of moisture in the former and l)y^ frost in w inter ot varying degrees in 
rigours, as the crop there is mainly rain-fed. But undei Padegaon condi- 
tions the critical periods occur during monsoon when the growth-period of 
cane is spread, and are dependent upon rainfall, specially’ its distribution 
which influences humidity required for growth during the period. These 
periods can be grouped into three distinct ones and their normal characte- 
ristics are enumerated below : — 

(1) First period — Mid-May to June: 

Characterised by ante-monsoon showers in May^ followed by normal 
weather in June, quantity of rainfall is of no consideration. 

(2) Second period — July and August : ^ 

Characterised by small quantities of raiiiiall in w hicli case its long 
range distribution is an important factor as against quantity. 

(3) Third period — September : • • i 

Characterised by sultry climate precursory to rain and high ram- 

faU/ 
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YEAR. 
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Fio. 2 , Meteorological data (humidity), 1933-37 



Table I 

Rainfall and number of rainy days {1933-37) 
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Materials and methods 

During the period from 1931-37, five dozen thick and thin seedling canes 
were received from Coimbatore and half a dozen from Hebbal-Mysore. These 
formed the basis of selection work and the promising selections, details of which 
are given in the subsequent pages, have been obtained from this collection. 

The work of selection, in the preliminary, prefinal and final varietal 
trials had to be expedited in order to enable early release of these varieties 
for testing with the cultivators and the fa(*torieR in different soil types. The 
following policy was adopted. 

(а) When the varieties were received, these were multiplied in the 

first year, tested in prefinal trial for a year or two during which 
period they acclimatized ; and if during this period any variety 
showed outstanding performance, it was taken into final trial. 

(б) In the final trial the prominent varieties were tested with control 

varieties like Pundia, POJ 2878 and EK 28, both from 
sugar and gul point of view in rcjdicatc^d trials. In all the 
trials at Padegaon the manurial dose of 150 lb. nitrogen is main- 
tained. Three years’ period was ffxed for a thorougli trial 
but if it was traced that even withiji two years any one showed 
outstanding superiority over the control ones it was liberated 
for multiplication and trials outside. 

The following were the criteria for selecting a variety for the Dcccaii 
(jonditions and any variety which stood to these criteria, was finally selected 
for liberation for trials outside : 

(1) Good germinative ca])acity. 

(2) Stooling capacity and character of resisting adverse season. 

(3) A fair immunity to pests and diseases. 

(4) Tendency to less shooting and forming pith incident to arrowing. 

(5) Efficient root-system from the stand-point of securing maximum 

value from fertilizers applied to the land. 

((>) Ease of stripping or trashing. 

(7) Early or late maturity and keeping quality in the field after jnatu- 

rity. 

(8) High sucrose. 

(9) High tonnage. 

Experimental 

The varietal trials in the following pages have been classified into four 
experiments as below : — 

Experiment I : Medium-late varietal trials, 1933-34 to 1935-36. 

Experiment II : Medium-late varietal trials, 1935-36 to 1937-38. 

Experiment III : Early varietal trials including sugarcane-sorghum 
hybrids, 1934-35 to 1936-37. 

Experiment IV : October planting trials, 1934-35 to 1936-37. 
Experiment I 

Trial of medivm-Jate varieties y 1 933-34 to 1935-36 

In this three-year period, the control varieties grown alongside with 
other varieties were Pundia, POJ 2878 and EK 28 ; the first of these control 
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varieties is the non-flowering, cultivator’s favourite cane for ^-making and 
the latter two flowering are mainly factory canes with high sugar content. 

Year 1933-34 . — ^This was the first year of trial ; from amongst the first 
two batches of Co varieties (viz. Cos 368 to 366 except Co 369 and Cos 400 
to 416) the varieties Co 360 and Co 402 which showed promise from only 
growth characters were taken together with the new addition of HM 320 
from Hebbal-Mysoie. In addition to these, the varieties Co 290, HM 89, 
Str. D 109 and H 109 which had shown good performance at Manjri Farm 
were also included. All these are flowering varieties except HM 89 and HM 
320. 

The old canes Str. D 109, H 109 and HM 89 fared badly in comparison 
with the new arrivals ; the first two show abnormal fluctuation in germination 
from season to season and have low sugar content, HM 89 produces ab- 
normal bunches of tillers which exercise a check on normal cane growth, 
but it is a cane of high sugar content and for specific tracts. 

Year 1934-35 . — The varieties H 109 and Str. D 109 were therefore 
discontinued. Among tfre other varieties, Co 360 has equalled POJ 2878 
in yield as in the previous year. Co 402 has extreme fiuctuation in flowering 
from year to year, which has been reflected in its yields ; yet it issignificant 
over EK 28. 

Year 1935-36 . — HM 89 is dropped as it had a thorough trial for a long 
period at Manjri (for seven years) and even at Padegaon. The only new addi- 
tions are Co 419, Co 413 from early group and Co 412. Among the varieties 
tried during the last two years, HM 320 has shown highly significant per- 
formance over the control varieties ; whilst Co 360 and Co 290, even though 
not surpassing POJ 2878, have again shown significantly high yields over 
EK 28 and Pundia. 

The three years’ data of cane and commercial cane sugar per acre is 
presented in Table II year by year. In the following pages, commercial 
cane sugar has been arrived at as per formula recommended by the Director, 
Imperial Institute of Sugar Technology, which is reproduced below for ready 
reference : — 


3P/', 10-l-F^ B/, 6-fF\ 

C. C. = ^^1 - ^ ^1 — J 

Where P=Polarisation in first expressed juice. 

B=sBrix in first expressed juice. 

F=Fibre in cane. 

The varieties Co 290, Co 360, Co 402 and HM 320 have completed the 
three years’ test in the final trial in comparison with the three control varie- 
ties, POJ 2878, EK 28 and Pundia. 

Some of these promising varieties have been illustrated in Plates XXX and 
XXXI. 

Detailed studies were carried out with r^ard to these varieties from 
standpoint of their developmental characters and these are discuss^ below. 




Jiimiarv plautinjr : <ii' (‘nip Inj month 


FI.ATE XXXI 


[ Ind. J. Agric. Sd., Vol. 10, Part V 



January plaiitifiir : aijc of crop lOj mouth" 



Tablk II 

Yidd of millable cane and commercial cane sugar in tons per acre 
{Data for three seasons) 
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Oermination. — The new Co varieties have not shown much superiority 
in germination over the control varieties (Table IV). Rege and Wagle [ 1939 ] 
have shown the deleterious effect of minimum temperature below 60“^. on 
the rapidity of germination and these temperatures were prevalent during 
the first three weeks of the seasons 1934 and 1936. As a result of this, the 
total germination during both these years was retarded. 

Borer attack. — The chief pest of the Deccan is a sugarcane borer {Argyria 
atictieraspis) ; the infestation is the highest in April and May. The incidence 
of the pest as recorded in different varieties in May shows that the varieties 
Co 290, Co 360 and HM 320 are comparatively more resistant to the attack 
than EK 28 and Pundia. 

Mealy bug is the pest second in importance ; its presence is restricted only 
to the variety Co 360 which has closely adherent leaf sheaths. 

Periodical changes in tillering. — ^Table III shows the progressive increase 
in the number of tiUers from eighth week till harvest for a four-cent plot 
(l/26th of an acre) wherein 1200 buds were planted (equivalent to 30,000 
buds per acre). 


Table III 
Total shod counts 


{Average of 6 plots, each plot = 4 cents) 
Average of two years 


Variety 

At 

8 weeks 
(germina- 
tion) 

I 

Before 
earthing 
np (6J 
months) 

After earthing up 

! At harvest 

1 

Tons 

of 

cane 
! per 
acre 

1 

n 

months 

Percentage 
of success 
on before 
earthing-up 
count 


Percentage 
of success 
on before 
earthing-up 
coimt 

Co 290 . 

1 1 

1 666 ; 

i 

3836 

1998 

52*1 

1833 

47-8 

42-7 

Co 360 

1 563 1 

1830 

1342 

73-3 

1256 

68*6 

40*5 

Co 402 

726 1 

j 

3867 

1605 

41*5 

1311 

33-9 

1 

42-0 

HM 320 . 

702 j 

2760 

1412 

61-3 

1016 

36-9 

46*7 

POJ 2878 

780 ! 

1 

2362 

1445 

61-2 

1280 

64-2 1 

42*4 

EK 28 

! 689 

! 

1881 

1026 

54-4 

852 

46-3 1 

33*8 

Pundia 

617 I 

L 

2135 

1234 

57-8 

900 

42.1 i 

j 

31*6 


The data in Table III, when reduced to the number of shoots obtained 
per 100 planted buds (Table IV) at different periods, clearly reveal the 
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situation regarding high or low tillering, and its success at harvest time 
obtaining in the different varieties. Table IV also shows the percentage 
of borer-attack. 

I'ABLE IV 


Germination and borer attack per cent and ratio of number of shoots on 100 

planted buds 


Variety 

Germination ( 
per cent at 

8 weeks 

i 

1 

Borer 
attack 
per cent 

i 

Before 
earthing 1 
up 

After 

earthing 

up 

I 

At harvest 

Co 290 

56*4 

1 

4-5 

319-7 

166-5 

152-7 

Co 360 

46-9 

7-2 

162-6 

111-8 

104-7 

Co 402 

60-6 

4*2 

322-2 

133-7 

109-2 

HM 320 . 

j 

58-6 

5*9 

229-2 

117-7 

84-7 

POJ 2878 

66*0 1 

6-3 

196-8 

120-4 

106-7 

EK 28 . 

67-4 

10-9 

166-7 

85-5 

71-0 

Pundia . . i 

1 

61-4 

11-9 

177-9 

102-8 

75-0 


The tables reveal the following s{)ecial features in tillering : — 

(1) High, medium and low' tillering in the different varieties. 

(2) Maximum and minimum losses of tillers after earthing-up. 

(3) Similar maximum and rainiinum losses between the two periods 

— after earthing up and at harvest. 

All these three w ill greatly influence the utilisation of manure at different 
stages, and where the bill of manuring is high this type of information is very 
important. 

It would thus be seen that the production of a large number of tillers as 
in Co 402 would not be the main criterion for judging the suitability of any 
variety, but the final successful tillers, coupled with individual weight per 
cane, w'ould also require consideration. Thus varieties with even mediocre 
number of canes at harvest coupled w^ith good yields as in Co 360 and POJ 
2878 would be efficient varieties although they may be low^ in tillering. 

Next in order will be the variety w hich gives high tillering with as high 
a yield as the variety in the first group, although the percentage success of 
tillers produced may be low^ From both these standpoints, the best varieties 
are Co 360 and POJ 2878 and next to these are Co 290, Co 402 and HM 320. 
So far as EK 28 and Pundia are concerned, they do not come up to the 
standard of both of these, as they possess both low tillering capacity and 
yield. 

Habit . — The varieties Co 360 and Co 290 are found to possess very good 
habit of growth being erect to slightly sub-erect ; so are the varieties POJ 
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2878 and £K 28. The varieties HM 320 and Fundia were found to be sub- 
erect to slanting, the variety Co 402 being much more slanting and reclining 
than others. 

With very vigorous growth, the varieties Co 360 and Co 402 tended to 
lodge in varying intensities, owing only to cyclonic effects which occur specially 
in September when they have attained the maximum growth. As compared 
to other varieties, Co 360 was found to be difficult for stripping owing to 
adherence of sheaths. 

Flowering . — Out of the total number of millable canes obtained in each 
of the different varieties, the number of flowering canes varies with the 
different varieties. The percentage of flowering canes in the different varieties, 
as recorded in the year 1936, is given in Table V. 

Table V 


Flowering data 


Serial No. 

Variety 

Percentage of flowering 


1 

Co 290 

61-9 


2 

Co 360 

73*6 


3 

Co 402 

16*3 

Recorded on 23rd De. 
cember 1936 

4 

HM 320 

Non-flowering 


5 

POJ 2878 

84*9 


6 

EK 28 

85-4 1 


7 

Pundia 

Non-flowering 



RooUaystem . — ^The root-exposure studies of the different varieties have 
shown that excepting Co 360 and Pundia most of them have an efficient 
root-system having good penetration and lateral spread. Pundia especially 
has the most superficial and smallest volume of root-system of all the varieties 
studied. 

March of ripeness . — ^Table VI show the data of brix and purity from 
October to March, month by month. 

The data in Table VI when briefly summarised show the position in 
regard to the different varieties as to when the ripeness commences and the 
duration over which it is maintained (Table VII). Information regarding 
the average weight per cane and sucrose and fibre per cent in cane is also 
included in Table VII. 



TaHIJ! VI 
March of ripeness 
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Table VII 


Serial 

No. 

Variety 

Commence- 

ment 

of 

ripeness 

Duration 
over which 
ripeness is 
maintained 

1 In cane at maximum 

1 maturity 

Average 

weight 

per 

cane 

lb. 

[ Sucrose 
per cent 

Fibre 
per cent 

1 

Co 290 

January 

Mid-March 

16-20 

14*98 

2*22 

2 

Co 360 

January 

February 

16-43 

12-54 

2-97 

3 

POJ 2878 

Mid-De- 

cember 

February 

16-73 

13-77 

3*16 

4 

HM 320 

February 

March 

13-58 

13-46 

4-15 

6 

Co 402 

February 

March 

12-06 

16-90 

3*07 

6 

EK 28 

February 

March 

16-21 

12-60 

3-62 

7 

Pundia 

February 

March | 

14-84 

10*39 

3-13 


Co 290 shows equal sugar and fibre content. Co 360 and HM 320 show 
loss fibre, but the former equals POJ 2878 and EK 28 in sucrose and is 
better than Pundia. Co 402 has very low sugar content. This data is useful 
in understanding the varieties suitable for cultivators and the factories. 

Relative yield performance with the control varieties . — The study of the 
above characters is clearly reflected in the final yield of cane, gvl and com- 
mercial cane sugar, which could be seen from Table VIII where Pundia, POJ 
2878 and EK 28 are taken as 100 and the final performance calculated 
accordingly. 

Table VIII 


Per acre 


Relative yield performance of the varieties 
{Average of three seasons) 

1 ; i J , 


Co 290 : Co 300 Co 402 


HM 320 jPOJ2878 


£K 28 Pundia 


Cane 


Tons 

42*66 

39-24 

42-56 

44-47 

40-47 

32-64 

Percentage on Pun- 
dia 

1 126-6 

116-2 

126*2 

131-8 

119-9 

96*46 

Percentage on POJ 
2878 

106-4 ; 

96-94 

106-2 

109*8 

100*0 ! 

i 80*39 

i 

1 

Percentage on EK I 
28 ’ 

131-1 

120-6 

130-8 

137-0 

124*4 

100-0 


33-74 

1000 

83-35 

103-7 
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Table VIII — contd. 


Per acre 

Co 290 

Co 360 

-• 

Co 402 

HM 320 POJ2878 

EK 28 

Pundia 




Chd 





Tons 

4*58 

4-33 

3-86 

4-62 

4-49 

3-84 

3-78 

Percentage on Pun- 

121-8 

116-2 

102-4 

120 - 1 

119-4 i 

102-1 

100-0 

dia 








Percentage on POJ 

102 1 

96-46 

86-76 

100-7 

100-0 ' 

85-63 

83-76 

2878 








Percentage on EK 

119-3 

112-8 

100-2 

1J7-7 

116-9 

100-0 

97-92 

28 



1 







Commercial cane 

sugar 




Tons 

5-31 

6-24 

4-20 

5-10 

5-76 

4-48 

4-16 

Percentage on Pun- 

, 1 

i 127-9 

126-3 

101-2 

122-9 

138-6 

1 108-0 

100-0 

dia 

j 





i 

i 

Percentage on POJ 

i 92-34 

9111 

73 03 

88-59 

1000 

77-91 

72-16 

2878 

j 




1 



Porcontogo on EK 

1 118-6 

116-9 

93-74 

! 113-9 

128-3 

100-0 

1 92-65 

28 





i 




Conclusions . — Tlie varieties Co 360 and Co 4o2 are significantly better 
than Pundia and EK 28 in cane-yield. Co 360 is a mid-late cane, having 
adherent trash and subject to lodging. Co 4()2 is very erratic in behaviour 
and low in sugar-content. Co 290 and Co 360 have almost equal performance 
with POJ 2878 in cane-yield. HM 320 is a late-maturing, flower ess cane and 
subject to lodging. 

The gvl yields of Co 360 and HM 320 are almost significantly high in 
comparison with the control varieties, Pundia and EK 28, and almost equi- 
valent in merit to POJ 2878. Most of the varieties except Co 402 are superior 
to Pundia and EK 28 from standpoint of commercial cane sugar. The 
varieties Co 290, Co 360 and HM 320 are next best to POJ 2878. 

Experiment IJ 

Mediumdate varietal trials, 1935-36 to 1937-38 

During this three-year period, the control varieties were POJ 2878 and 
Pundia ; EK 2S was grown as control in 1935-36 only and further discc n- 
tinued owing to its inadaptability to the environmental conditions. 

Year 1935-36 , — In this year the new additions were Co 419, Co 412 and 

Co 413. 

Co 419 has shown high significance over the three contro varieties. 
Co 413 is not significantly better than POJ 2878 but it is significant over 
EK 28 and PundiRi 
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Year m6-37.~The selections Co 290, Co 360, Co 402 and HM 320 
having completed three years’ trial were discontinued ; in addition to the 
varieties mentioned above, five new selections — Co 414, Co 416, Co 417, Co 
421 and Co 426 — were included (Plate XXXT). 

■ The varieties Co 419, Co 413, Co 416, Co 421 and Co 426 show highly 
significant yield over the control varieties. Co 416 in spite of its exceptionally 
high tonnage is traced to be very low in sugar content like Co 402 in 
experiment I. 

Year 1937-38. — The varieties Co 412 and Co 416 were dropped and the 
remaining varieties were continued. All the Co selections have given signi- 
ficantly higher yield than POJ 2878 and Pundia. 

The cane varieties Co 419 and Co 413 have completed three years’ trial. 
The three years’ data of cane and commercial cane sugar per acre are presented 
in Table IX year by year. 

As stated above, the cane varieties were studied from standpoint of their 
developmental characters and these are discussed below. 

Oermination . — Co 419 gives early and higher germination compared to 
other varieties. In point of rapid and maximum germination, Co 419 sur- 
passes the control varieties and the next is Co 413. 

Borer attack. — ^The varieties Co 419 and Co 413 have practically the 
same borer attack as POJ 2878. All these three are more resistent than 
Pundia. No other pest is present on these varieties (Table XI). 

Periodical changes in tillering . — Table X shows th - progressive increase 
in the number of tillers from eighth week till harvest for a four-cent plot 
(l/25th of an acre), wherein 1200 buds were planted (equivalent to 30,000 buds 
per acre). 

The data in Table X, when reduced to a ratio of number of shoots obtained 
for 100 planted buds (Table XI) at different periods, clearly reveal the situa- 
tion regarding high or low tillering, obtaining in the different varieties. Data 
regarding percentage of germination and borer attack in the different varieties 
is also given in Table XI. 

Rapidity in germination obtained in Co 419 and (b 413 is further re- 
flected in their early and high tillering and also large number of successful 
canes obtained at harvest compared to the control varieties. 

Habit . — ^Varieties Co 419 and (!o 413 possess very good habit of growth, 
being mostly erect. 

Flowering. — ^The percentage of flowering canes in different varieties 
as recorded on the 23rd of December 1935 was as shown in Table XII. 

jRoo<-sy«<em.— Varieties Co 419 and Co 413 have an efficient root- 
system having both better penetration and lateral spread than POJ 2878. 
Pundia has the most superficial root-system and the volume of root-system 
is the least compared to other varieties. 

March of ripeness.— Y&h\e XIII shows the data of brix and purity from 
October to March , month by month. 

The summa’y in Table XIV shows when ripeness commences in 
these varieties and the duration over which the juice- quality is maintained ; 
the data regarding the average weight per cane, sucrose and fibre-content in 
cane is also included. 



Table IX 

Yield of miUabk cane and commercial cane sugar in tons per acre 
(Data for three seasons) 
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Conclusions 1935-36— Co 419 Sig ;> Co 402, (’o 413 SIg. > i’o 290 ; Co 419, Co 413, HM 320 Sig. > EK 28, Pimdia 

1936- 37— Co 416 > Co 413 = Co 419 > (*o 42C > Co 421 > Co 414 Sig. > Pundia and others 

1937- 38— Co 419, Co 426, Co 413, Co 421, <'o 414 Sig > POJ 287» and Pundia 
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Table X 
Toted shoot counts 

{Averaje of 6 plots, each plot=4 cents average of three years) 


Vfciristy 

At 

8 

weeks 

Before 

earthing 

np 

After 

earthing 

up 

Percent- 
1 age of 
success 

on 

before 
earthing- 
up count 

At 

harvest 

1 

j Percent- 
1 age of 

1 success 

1 on 

‘ before 
; earthing- 
up 

count 

Co 419 

900 

2946 

1865 

62-9 

1539 

52*2 

Co 413 

892 

4047 

2076 

! 

61-3 

1648 

1 

40-7 

POJ 2878 

791 

2323 

1448 

62-3 

1195 

61*4 

Pundia 

744 

2252 

1445 

64-2 

1 

1 

883 j 

39*2 


Table XI 

Percentage of germination, borer attack and ratio of number of shoots for 10 

jdanted buds 


Viurioty 

Germina- 

tion 

per cent 
at 8 
weeks 

i 

Borer 
attack 
per cent 

Before 

earthing 

up 

After 

earthing 

up 

At harvest 

C!o 419 

750 

4-4 

245*5 

154*6 

128*2 

Co 413 

74*3 

4) 

337*2 

1 

1 173*0 

1 

137*3 

POJ 2878 

65-9 

4-6 

193*6 

1 

1 120-7 

1 

99*6 

Pundia 

620 

8-9 

187-7 j 

120*4 

73*6 


Table XII 


Flowering data 


Serial 

Variety 

Percentage of flowering 

No. 



1 

Co 419 

82*4 

2 

1 Co 413 

80*1 

3 

j POJ 2878 

84*9 

4 

1 Pundia 

Non-flowering 



March of ripeneas 
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Table XIV 


Serial 

No. 

Variety 

Commence 
ment of 
ripeness 

Month up to 
which ripeness 
is main- 
tained 

In cane a1 
mat 

1 Sucrose 
per cent 

) maximum 
•urity 

Fibre 
per cent 

Average 
weight 
per cane 
lb. 

1 

Co 419 j 

February 

1 

March 

[ 

16*04 

13*86 

2-97 

2 

Co 413 

January 

March | 

14*6 

16*66 

2-37 

3 

POJ 2878 

December 

February 

16*54 

16*35 

1 2-64 

4 

Pundia 

February 

j 

March 1 

1 

14*438 

11*61 

2-95 


The variety Co 419 is slightly less in sucrose content than POJ 2878 
and is also comparatively less hard than POJ 2878. The varieties Co 419 
and Co 413 were found to record very steady weight per cane during the three 
years’ testing compared to the control varieties and an increased weight per 
cane over POJ 2878. 

Relative yield performance with the control varieties. — The comparative 
value of these Co varieties from standpoint of cane, gvl and commercial 
cane sugar taking POJ 2878 and Pundia as 100 is presented in Table XV. 


Table XV 

(Average of three years 1935-S7) 


Per acre 

Co 419 

Co 413 

POJ 2878 

i Pundia 


Cam 


t 


Tons 

Percentage on POJ 2878 
Percentage on Pundia 

48*58 

142*30 

164*80 

45*11 

132 10 

153 10 

34*13 

100*00 

115*80 

29*47 

86*32 

100*00 


Out 




Tons 

Percentage on POJ 2878 
Percentage on Pundia I 

5-69 

138-7 

166-4 

4-66 

116-6 

137-9 

4-03 

100-00 

119-20 

3-38 

83-87 

100-00 


C. C, Sugar 



Tons 

Percentage on POJ 2878 
Percentage on Pundia 

6*59 

134*00 

185*10 

5*63 

114*40 

158*10 

4-92 

100-00 

138-20 

I 3-66 

74-03 

1 100-00 


Condnsions. — The varieties Co 419 and Co 413 are outstandingly superior 
to POJ 2878 and Pundia from standpoint of cane, gtU and sugar. The 
varieties Co 413 and Co 419 have got very good root-system and erect habit of 
powth. Co 413 is very nearly a mid-late cane and Co 419 is raid-late to late 
in maturity. Co 413 produces gtd of superior quality and Co 419 is the next 
best. Co 419 has almost the same sucrose-content in cane as POJ 2878. 
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Experiment III 

Early varietal trials incltcding sugarcane^ sorghum hybrids^ 1934-35 to 1936-37 

When the cane selection work was commenced in 1933, it was observed 
that some of the selections showed maturity even at the tenth month ; hence 
these were separately grouped and tested as early varieties. In the same 
year, the sugarcane-sorghum hybrids which were reported to mature within 
six months were also received. So a combined trial consisting of the early 
varieties Co 407, Co 408, Co 411, Co 413 and HM 606 together with the six 
sugarcane-sorghum hybrids Co 351 to Co 357 (except Co 354) was undertaken. 
Replicated and randomised layout was adopted as in the final varietal test 
with a smaller plot-size and three feet distance between rows instead of four 
feet. The manurial dose was 150 lb. nitrogen as in the above experiments. 
The soil of this block where these tests were conducted had lower fertility 
trend as compared to the soil in which varieties described in experiments 
I and II were tested. 

POJ 2878 was grown as a control variety throughout this period, and 
Co 360 during the latter two years only. 

Year 1934-35, — In this year, varieties Co 407, Co 408, Co 411, Co 413 
and HM 606 together with Co 351 to 357 (except Co 354) were under trial. 

The yield performance of Co 413, Co 408, HM 606, Co 352, Co 355 and 
Co 356 are almost equal to or slightly better tliaii POJ 2878. From maturity 
point of view Co 411 and Co 407 have shown indications of earliness. Sugar- 
cane-sorghum hybrids begin to mature from tenth month onwards. 

Year 1935-36, — As the variety Co 413 was found to be late it was trans- 
ferred during this year in the final trial described in experiment II. HM 606 
was discontinued as it was a lodging variety with low sucrose-content. 

As in the previous year, none of the varieties are significantly better 
than POJ 2878 ; however the sugarcane-sorghum hybrids Co 352, Co 353 
and Co 356 have yielded slightly higher than POJ 2878. 

The varieties Co 407 and Co 411 show maturity from tenth month onwards 
(as in tho previous year). Amongst the sugarcane-sorghum hybrids the 
earliest to mature are Co 351 and Co 352 ; the remaining varieties ripen 
between ten and eleven months. 

Year 1936-37, — As a result of the data available for the last tw^o years, 
only Co 352, Co 353 and Co 356 amongst sugarcane-sorghum hybrids were 
continued for trial, together with early varieties to which Co 421 was added. 

The varieties Co 360, Co 421 and Co 408 have yielded significantly better 
than POJ 2878. Co 411 is almost significant over POJ 2878. Co 407 
is equal in performance to POJ 2878. 

The cane-sorghura liybrid Co 356 is significantly better than POJ 2878 
and Co 352 and Co 353 have yielded as much as POJ 2878. 

The cane varieties Co 36*0 and Co 421 show ripeness from tenth month 
onwards. 

The cane-sorghum hybrids do not even show the start of maturity earlier 
than months ; definite trend towards maturity is seen only after or 10 
months. 

The three years* data of cane per acre are presented in Table XVI year 
by year. 
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Devdopmental records 

Oermination. — At three weeks only POJ 2878 is found to give early 
and high germination compared to the other varieties. At eight weeks, most 
of the varieties reach the level of germination as in POJ 2878 except CJo 353. 
Co 366 and Co 360 (Table XVIII). 

Borer attack . — ^The severity of borer attack was much less in 1936-37 
t han in 1936-36. Excepting Co 360, all the varieties have practically 
the same percentage of borer attack as POJ 2878. 

Tillering . — Periodical changes in tillering at four different periods from 
germination till harvest for two years is averaged in Table XVII 

Table XVII 
Total shoot counts 


{Average of three replicates) 
(Area of plot=0-75 gts.) 


] 

Variety 

At 8 
weeks 

i 

1 

Before 

earth- 

ing 

After 

earth- 

ing 

Percent- 
age of 
success 
on before 
earthing- 
up count 

1 

1 

At , 

harvest : 

! 

1 

Percen- 
tage of 
success 

on 

before 

oai’th- 

ing-up 

Remarks 

Co 362 

576 

1971 

1067 

64- 1 

886 

44-9 

Buds planted 
750 ; equiva- 

Co 353 

412 

1339 

891 

66*5 

837 

62 • 5 

lent to 40,000 
beds per acre 

Co. 366 

430 

1690 

879 

56*3 

740 

46-5 

Co 407 

690 

1801 

881 

48-9 

761 

42*3 


Co 408 

614 

1943 

867 

44-6 

779 

40 1 


Co 411 

634 

1885 

880 

46-7 

689 

36-5 


POJ 2878 

568 

1147 

749 

65-3 

626 

64-6 


Co 360 

437 

936 

734 

78'5 

620 

66-3 



The data in Table XVII, when reduced to the number of shoots obtained 
at different periods and millable cane.s at harvest for 100 planted buds (Table 
XVIII), clearly shows the high, medium and low tillering in different 
varieties ; the data regarding the percentage of germination and borer attack 
are also given in Table XVni. 

Habit . — The varieties Co 366, Co 360, Co 411 and POJ 2878 have almost 
erect habit of growth ; the varieties Co 362, Co 353, Co 407 and Co 408 have 
sub-erect habit and these also tend to lodge. With very vigorous growth 
the varieties Co 360 and Co 356 also tend to lodge. 
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Table XVIII 


Percentage of germination, borer attack and ratio of number of ahoota on 100 

planted buda 


Variety 

i 

At 8 weeks 

i 

Borror 
attack 
per cent 

Before 

earthing 

After 

earthing 

At harveast 

Co 362 

1 

76-7 

7*6 

262*8 

1 

142*3 

118*0 

Co 363 

660 

5-7 

178*6 

1 118*8 

1 

111*6 

Co 366 

67-4 

6-4 

212*0 

j 117-2 

98*7 

Co 407 

78-7 

6-8 

240*1 

117-6 

1 

101*6 

Co 408 

69*0 

6-5 

269*1 

116*6 

103*9 

Co 411 

71*2 

80 ' 

261*3 

117 3 

1 

91*87 

POJ 2878 

76*8 

61 

162*9 

99*9 1 

83*5 

Co 360 

68*2 

9-5 

124*7 

97*9 1 

1 

82*7 


From Table XVIII the varieties could be classified as in Table XIX. 

Table XIX 


Tillering Varieties 


High Co 352, Co 363 

Medium Co 356, Co 407, Co 408 

Low POJ 2878, Co 360, Co 411 


The percentage of flowering canes in the different varieties as recorded 
on 23 December 1935 was as in Table XX. 

Table XX 


Flowering data 


Variety 

Percentage of flowering 

Co 362 

78*1 

Co 353 

74*9 

Co 356 

61*1 

Co 407 

63*2 

Co 408 

72*2 

Co 411 

92*3 

Co 360 

78*6 Fluctuating 

POJ 2878 

91*7 
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March of ripeness . — In this trial, the chief consideration being earliness, 
it was watched from tenth month onwards in the case of Co selections and 
ninth month in the case of sugarcane-sorghum hybrids; brix and purity tests 
were taken monthly in the case of Co selections and at twenty days’ interval in 
the case of sugarcane-sorghum hybrids ; these are presented in Tables XXI- 
XXIII. 

Table XXI 

Brix and purity, 1934-35 

Brix (at No. of days from planting) 

Variety I 33O 



*27(» 

300 


Brix 

Purity 

Co 407 

! 

16*80 

18*87 


18*11 1 

90*78 

Co 408 

14*61 

16*63 


20*61 

90*76 

Co 411 

1 14*73 

19*00 


19*84 

90*14 

Co 413 

! 16*91 

17*97 


19*11 

90*67 

HM 606 

11*81 

13*72 


15*21 

80*74 

POJ 2878 


18*01 


20*73 

92*21 


Table XXI — could. 

Hrix (at No. of days from planting) 


Variety I 320 

*240 260 280 300 | 




Brix ! 

} 

i 

Purity 

Co 351 

14*69 

16*11 

] 

17 17 i 

18-10 

j 

19-98 

86*36 

Co 352 

13*75 

16*31 

17 37 

18*32 

18*24 

86*98 

Co 363 

13*13 

15*18 

15*57 

17*82 

17*44 

86*76 

Co 366 

13*76 

16*32 

16-82 

1 18*12 

18*40 

85*67 

Co 366 

12*62 

14*10 

15*47 

17*12 

17*16 

81*0 

Co 367 

13*69 

16*08 

15*72 1 

1 17*03 1 

16*98 

84*09 

POJ 2878 , 

1 

13*79 

16*43 

17 23 j 

i 18*01 , 

20*47 

1 89*45 


the polariacope ws/a sent for repail's the readings in early stages could not be 

raeorded. 
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Table XXII 
Brix and purity^ 1935-36 


Brix (at No. of days from the date of planting) 


Variety j " ' ’ . ' ’ ' , ” ' 

, 270 ! 300 I 330 

I ! ! 



Brix 

Purity 

Brix 

Purity 

Brix 

Purity 

Co 407 . 

16-78 

82-73 

19-62 

86-60 

22-26 

89-39 

Co 408 . 

16-11 

81-27 

17-80 

86-62 

20-37 

89-69 

Co 411 . . 1 

16-63 

80-34 1 

19-70 

88-46 

20-60 

80-08 

POJ 2878 . 1 

16-36 

76-83 1 

19-24 

86-96 

20-06 

90-14 

Co 360 

17-23 

1 

86-23 

! 18-72 

88-61 

20-66 

i 

90-24 


Table XXII — conid. 




240 

Brix (at No. of days from the date of planting) 
j 260 280 j 300 

320 

Brix 

Purity 

Brix 

I’urity 

Biix 

Purity 

Brix 

Purity 

Brix 

Purity 

Oo 351 

15*54 

79*21 

17*48 

84*01 

19*14 

86*70 

20*29 

89*10 

21-20 

90-42 

('0 352 

16*22 

81 94 

17*53 

88*61 

19 59 

86*65 

•20*73 

92*17 

21-07 

90*69 

Co 35tJ 

15*02 

79*64 

16*85 

85*69 , 

17*98 

88*63 

17*96 

89*99 

19-37 

89*74 

Co 855 

14*01 

81*47 

17*09 

85*66 

17*59 

87*44 

18*47 

89*02 

19-47 

88*16 

Co 356 

12 80 

72*07 

13*98 

74 66 

14*72 

78*06 

15*57 

80*98 

17*41 

81*39 

Co 357 

14 74 

80*30 

16*07 

83 24 ' 

16*93 

85*65 

17*54 

87*74 

18*98 

87*70 

POJ 2878 

14*68 

75*25 

15*45 

77*29 

17*82 

84*20 

J9-24 

86*96 

20*00 

88*20 

Co 360 

13*87 

76*33 

15*67 

82*90 

17*13 

85*43 

18*72 

88*51 

20*15 

• 89*16 


Table XXTII 
Brix and purity^ 1936-37 


Brix (at days from planting) 


Variety 

270 

300 

330 

Brix 

Purity 

Brix 

Purity 

Brix 

Purity 

Co 407 . 

17-33 

79-77 

21-43 

88-86 

21-99 

88-20 

Co 408 . 

16-88 

79-60 

17-08 

85-69 

18-99 

86-66 

Co 411 . 

19-42 

86-68 

20-78 

90-90 

20-88 

89-82 

Co 421 

18-97 

82-98 

21-72 

89-60 

22-49 

90-16 

POJ 2878 

16-72 1 

! 78-27 

19-58 

86-12 

20-10 

87-36 

Co 3C0 . 

17-29 

; 

1 

' 82-77 

19-62 

89-35 

21-33 

90*67 
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T’ablb XXin — contd. 


Brix (at days from planting) 


Variety 

240 

260 

280 

300 1 

320 

Brix 

Purity 

1 Brix 

1 

Purity 

Brix ! 

Purity 

Brix 

Purity 

Brix 

Purity 

0>862 

' 16*90 

! 

81*87 j 

1 

19*17 

89*62 

19*96 j 

90*36 

21*27 

i 

91*26 ! 

1 

21*74 

91*49 

Co 853 

14 *48 

79*69 

10*84 

84*01 

18*18 j 

88*33 

19*86 

89*71 j 

20*78 

91*24 

Co 856 

12*10 

66*71 1 

16*37 

79*23 

15*87 

80*32 

18*67 

86*67 , 

20*28 

86*48 

POJ 2878 

10*82 

69*53 

15*82 

77*49 

1 

17*62 

80*87 

19*58 

86*12 ' 

21*21 

88*90 

Co 860 

14*31 

77*02 

16*36 

81*55 

17*82 j 

84*74 

19*52 1 

I 89*36 ; 

20*44 

90*33 


The period at which ripeness commences in different varieties, the data 
regarding the average weight per cane and sucrose and fibre-content in cane 
are summarised in Table XXIV. 


Table XXIV 


Variety 

; Period when 
ripeness 
conunences 

(in months) 

In cane at maximum 
maturity 

Sucrose Fibre 

per cent per cent 

Average 
weight 
per cane 

lb. 

Co 352 . 

to 10 

15*55 

15-50 

1*56 

Co 363 . 

to 10 

1 

13*94 

16*79 

1-69 

Co 366 , 

10 to lOi 

13*52 

18*67 

2-05 

Co 407 . 

10 

16*35 

16-45 

1-78 

Co 408 . 

11 to IIJ 

15*72 

15 34 

1-89 

Co 411 . 

10 

15*29 

13-81 

1-94 

Co 360 . 

10 to lOJ 

16*84 

14*04 

2-54 

POJ 2878 

. j 10 to lOJ 

16-63 

14*42 

2-14 


The varieties Co 360 and Co 407 are almost equal in sucrose-content 
to POJ 2878, and Co 407 is comparatively more fibrous ; the sugarcane- 
sorghum hybrids are higher in fibre-content compared to the varieties Co 360 
and POJ 2878. 

Relative yield performance with control varieties 

The comparative value of the Co varieties and sugarcane-sorghum hybrids 
from standpoint of tonnage, average of three years, taking POJ 2878 and 
Co 360 as 100 is j)reRented in Table XXV. 
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Table XXV 


Relative yield performance of varieties 


Variety 


Cane in tons 
per acre 
(average of 
three years 


Comparative value of differ- 
ent varieties from stand- 
point of cane- taking 


Co 360 as 100 


POJ 2878 
as 100 


Co 352 , 

31 04 


90-44 

105-4 

Co 353 ! 

30- 13 


87-48 

102-0 

Co 356 

32-71 


95-28 

111-1 

Co 407 

28-49 


83-01 

96-77 

Co 408 

31-95 


93-09 

108-5 

Co 411 

28-68 


83-56 

97-4 

Vo 360 

34-36 


100-00 

116-6 

POJ 2878 

1 

29-45 


85-78 

100-0 


. _ 



. 


Conclusions , — In this shallower type of soil, the varieties Co 360, Co 356, 
Co 408, Co 352 and Co 353 have yielded as much as POJ 2878 but slightly 
less than Co 360. The variety Co 360 has as much sucrose per cent in cane as 
POJ 2878 and the varieties Co 407, Co 408 and Co 352 are the next best. 
The cane-sorghum hybrids do not show maturity earlier than months 
and the control varieties Co 360 and POJ 2878 show trend towards maturity 
firom tenth month onwards. The cane-sorgiium hybrids are comparatively 
more fibrous than the control varieties. 

Experiment IV 

October-planting trials^ 1934-35 to 1936-37 

Investigations in the performance of Coimbatore selections described 
previously have definitely shown that under Padegaon conditions all the 
promising varieties start flowering from October to December, and with this 
the growth closes. This is found to result in low yields sj)ecially in the early- 
flowering varieties. It was, therefore, proposed to see what advantage could 
be gained by planting these varieties in October as it was considered that by 
this early planting the crop would get additional two to three months for 
its growth. With this view the trials w^ere commenced with the promising 
selections from October 1934, the method being exactly similar as in the 
trials previously described but with only a smaller plot size. The manurial 
dose was increased to 225 lb. nitrogen from the usual 160 lb, for January 
planting. 
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These trials were conducted for three years. As some of the varieties 
were discontinued from the second year, the results are represented year by 
year. The varieties POJ 2878 and EK 28 were grown as control during this 
three-year period. 

Ytar 1934-35 . — During this period, thirteen varieties, together with 
two control varieties were under trial. 

Co 413 and Co 419 have yielded significantly better than the control 
varieties. Co 290 and Co 407 have equalled POJ 2878. Co 360, Co 364, 
Co 400, Co 408, Co. 410, Co 411 and Co 414 are significantly better than 
EK 28. 

Year 1935-36 and 1936-37 . — During these two years the varieties Co 
364, Co 400, Co 404, Co 410, Co 41 1 and Co 412 were omitted and the remaining 
were continued. 

In 1935-36, Co 419 and Co 413 are significant over POJ 2878. All the 
remaining varieties are significantly better than EK 28. 

In 1936-37, the varieties Co 419, Co 290, Co 413, Co 408, Co 414 are signi- 
ficantly better than POJ 2878 ; the varieties Co 360 and Co 407 show better 
than POJ 2878. 

The three years’ data of cane and commercial cane sugar per acre are 
presented in Table XXVI year by year. 

Some of these varieties are illustrated in Plate XXXII. 

Developmental records 

Germination . — Unlike the January planting, veiy high germination is 
secured at three w-eeks in this planting. Maximum germination occurs at six 
weeks. The varieties Co 419, Co 413 and Co 407 have come out the best. 
(Table XXVIIT). 

Borer attack.- -The incidence of borer attack is the least in this planting 
compared to the January planting. 

Periodical changes in tillering . — Periodical changes in tillering (average 
of two years) are presented in Table XXVII. 

The data in Table XXVII, when reduced to number of shoots obtained 
at different periods and millable canes at harvest for 100 planted buds 
(Table XXVIII), clearly show’ the high, medium and low tillering in different 
varieties ; data regarding percentage of germination and borer attack are 
also given in Table XXVIII. 

On the basis of the data in Table XXVIII the varieties can be classified 
as shown in Table XXIX. 

It is interesting to observe, that in this planting the ratio of millable 
canes at harvest is uniformly higher in all the varieties compared to January’ 
planting (Tables IV and XI). 

H^it . — The varieties Co 290, Co 360, Co 413, Co 419, E K 28 and POJ 
2878 have almost erect habit of growth ; the varieties Co 407, Co 408 and 
Co 414 have sub-erect to slanting habit. The varieties Co 419 and Co 360 
tend to lodge in varying degrees at harvest time. 

The percentage of flowering canes in different varieties as recorded on 
21 November 1937 was as shown in Table XXX. 

March of ripeness . — ^The year-by-year data for brix and purity s presented 
in Table XXXI. 
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fSUOAiiCANfc vaRietAl trials 
Table XXVII 


m 


v3 


Total shoot counts 

(Average of four replicates) 
(Area of plot 0*33 gts.) 


Variety 

! 

At 6 
weeks 

Before 

earthing 

- . - .1 

After 

earthing 

i 

1. 

Percent- 
age of 
success 
on before 
earthing- 
up count 

At 

harvest 

Percentage of 
success on before 
earthing-up 
count 

Co 419 

1 199 

677 ’ 

‘ 429 

74-3 

393 

68-l'| 


Co 413 

1 200 

814 

629 

660 

402 

49-4 


Co 290 

179 

714 

j 616 

72*3 

467 

64-0 

Buds plan- 

Co 407 

192 

666 

. 438 

77-6 

410 

72*6 

ted=250 

Co 408 

170 

502 

j 397 

79*1 

368 

73*3 

y (equivalent 

Co 360 

171 

387 

364 

941 

349 

! 90*2 1 

to 30,000 

Co 414 

183 

639 

380 

70 5 

316 

] 68*6 ' 

buds per 

POJ 2878 

179 

498 

362 

70*7 

317 

63-7 

€icre) 

EK 28 

1 164 1 

314 

266 

81-6 

230 

73-2 



1'ABLB XXVIII 


Percentage of germination, borer attack and ratio of number of shoots on 100 

planted buds 


Variety 

! 

At 6 weeks | 

i 

... L 

Borer 
attack 
per cent 

Before 

earthing 

After 

earthing 

At harvest 

Co 419 

1 

79-9 j 

M 

230 8 

171-6 

167-2 

Co 413 

80- 1 

10 

326-6 

211-6 

160-8 

Co 290 

71-6 

0*7 

285-6 

206-4 

182-8 

Co 407 

’ 77-0 

10 

226-0 

175-2 

164-0 

Co 408 

67-9 

1-6 , 

200-8 

168-8 

147-2 

Co 360 

1 68- 1 

2 0 

164-8 

i 146-6 1 

139-6 

Go 414 

73-4 { 

1-8 

216-6 

j 162-0 

126-4 

POJ 2878 

1 71-7 ; 

0-8 

199-2 

140-8 

126-8 

1 

£K28 

1 66-7 

20 

126-6 

102-4 

1 

92-0 

I 
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Tillering 

VtorietieB 

HJgh 

Co 290 

Med um 

Co 413, Co 419, Co 407, Co 408 

Low 

Co 360, Co 414, POJ 2878 

Very low 

EK 28 


Table XXX 

Floivering data {October planting) 


Variety 

Percentage of flowering 

Co 290 . 

72-7 

Co 360 . 

10*6 

Co 407 . 

64*9 

Co 408 . 

50*3 

Co 413 . 

56*4 

Co 414 . 

41*0 

Co 419 . 

76*7 

POJ 2878 

80*8 

EK 28 . 

20*9 


On account of the long interval over which the crop is standing, and 
also practically the same time of flowering, its tendency to being early, mid- 
late or late is not clearly visible in the different varieties. Yet the varieties, 
Oo 407, Co 408, Co 360, POJ 2878 could bo started for crushing from November 
and the remainuig in December. 

The average weight per cane and percentage of fibre and sucrose in cane 
in the different varieties is given in Table XXXII. 

The varieties Co 414 and POJ 2878 show same sucrose-content and the 
remaining varieties, except Co 360, follow next. Most of the va ieties u ere 
found to record very steady weight per cane from year to year. 

Relative yield performance. — ^The comparative value of the Co varieties 
from standpoint of cane and commercial cane sugar, with POJ 2878 and 
EK 28 as 100, average of three years, is presented in Table XXXIII. 

Concltisions. — ^The variety Co 419 has outyielded all the varieties includ- 
ing the controls. The varieties (')o 413, Co 290, Co 414 and Co 408 have given 
slightly higher tonnage than POJ 2878 but from sugar point of view these 
are almost equ valents or slightly better than POJ 2878. There is not much 
differentiation in the ripening of the different varieties owing to the pre- 
seasonal time of planting and most of the varieties show ripenes at 13| to 14^ 
months’ age of the crop. It is interesting to observe that most of the varieties 
except Co 419, Co 413 and Co 290 show practically the same sugar recovery as 
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POT 2878. Etc 28 has proved a complete failure in this trial. Unlike other 
plaatia^s most of the varieties in this planting give higher number of millable 
canes at harvest and the intensity of borer attack is the least. 

Table XXXII 


Chemiccd composition and average weight per cam 



0o41d 

Co 413 

Co 290 

i 

Co 407 

Co 408 j 

1 

Co 360 

Co 414 

1 

POJ 1 
2878 1 

88 

Average weight per cane (lb.) 

1 

3-28 

2-62 

2-29 

2-21 

1 

2-65 i 

2-53 

i 

3-13 

1 

1 1 

1 2-67 i 

2-67 

Fibre per cent in cane 

12-39 

13-87 

14-18 

18-41 

15-24 

13-28 

1 

13-03 

15-87 ! 

12*51 

Sucrose per cent in cane 

16-56 

15-28 

15-19 

! 

15-46 

15-50 

14-18 

16-55 

i 

16*48 ! 

1 

1 

16-79 


Table XXXIII 

Cane and commercial cane sugar in tons per acre 
{Three years' average) 



Co 419 

Co 413 

Co 290 

Co 407 

1 

Co 408 

Co 360 j 

Co 414 

POJ 

2878 

1 

1 

Cane tons per acre 

67-07 

55-55 

63-13 

47-61 

1 

49*11 

i 45-76 ! 

49-06 

44-21 

32-65 

Peroontago on POJ 2878 

161*7 

151*7 

120-1 

107-5 

111-1 

108-5 j 

111-0 i 

100*0 

73-86 

Percentage on 28 

205-4 

170-1 

162*8 

145*5 

160-4 i 

140*2 j 

160-3 

135-4 

100-0 

C. C. 8. tons per acre 

8-45 

7-34 

7-10 

6*45 

6*56 1 

0-02 

6-95 

6-32 

4-49 

Percentage on POJ 2878 

133-8 

116-1 

112-4 j 

102-1 

103-8 ! 

t 1 

95-26 1 

110-0 

100-0 

71*04 

Percentage on EK 28 

188-2 

163*5 

158-1 j 

143-6 

140-1 

134-1 1 

1 154-8 

140-8 

1 100-0 


Summary and oonclusion 

Cane selections together with sugarcane-sorghum hybrids numbering in 
all seventy-nine, from Coimbatore, Hebbal-Mysore and Manjri were under 
trial, from which promising selections were grouped and tried for three years 
as January-planted crop. They were also under trial as October-planted 
crop. All the trials were on replicated system and the data analysed as per 
Fisherian method. The results have been expressed in cane-weight, gvi and 
commercial cane sugar together with the maturity period of each variety and 
its general behaviour as regards habit, incidence of pests, etc. 

(1) As January-planted crop, the varieties Co 419, Co 413 and HM 320 
have proved their superiority over the control varieties POJ 2878, EK 28 
and Pundia. When both the groups are considered together Co 290 and 
Co 360 have not only come up to the level of POJ 2878 but are superior to 
EK 28 and Pundia in cane- weight, pttT and commercial cane sugar. As 
regards maturity, Co 419 ripened within 12J months, HM 320 within 13 to 
13^ months. From the point of keeping quality it is observed that Co 419, 
Co 413, Co 360 and Co 290 could keep up juice quality till March, whilst 
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HM 320, a late-maturing cane, keeps even longer. In the developmental 
behaviour of the crop the important points are germination, tillering, lodging, 
ease of trashing, and good root-system. From all these aspects, Co 419, Co 413 
and Co 290 are the best. Co 360 has a peculiar root-system, which is conducive 
to rapid growth but being defective induces lodging. It is not also self- 
stripping, and is, therefore, susceptible to mealy bugs. However, it has 
shown a good performance as late-planted crop even though it is a flowering 
variety. HM 320 has also a lodging tendency and is further poor in sucrose 
as Pundia. Thus, Co 419, Co 413, Co 290 and even Co 360 can be good factory 
canes and HM 320 a cultivator’s cane. 

(2) As regards early cane selections and sugarcane-sorghum hybrids, 
plan^ in January, Co 407 and Co 411 have proved to be eleven months’ 
cane whilst sugarcane-sorghum hybrids have not shown start in maturity 
before 9J months which has falsified the expectation of its reaching maturity 
in six months. Although the yield is not the main factor for drawing con- 
clusion in the case of these varieties no marked superiority is observable of 
early varieties as well as sugarcane-sorghum hybrids over POJ 2878. 

(3) As regards October-planting, varieties Co 419, Co 413, Co 290, Co 407, 
Co 408 and Co 414 have shown their superiority over the control varieties 
POJ 2878 and EK 28 ; Co 360 is a mediocre cane in cane-weight and also 
in commercial cane sugar. It would further be seen that the benefit of addi- 
tional three months for flowering varieties has resulted in highly increased 
number of canes at harvest which fully go to increase the yield significantly 
in the end. 
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EMBRYO OF THE INDIAN MANGOES {MANGIFERA 

INDICA LINN.) 

BY 
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(Received for publication on 5 February 1940) 

(With Plates XXXIII and XXXIV and three text-figures) 

I N the studies on mango at Sabour, the embryo has received attention 
from two aspects. Firstly, it is known that large amount of carbo- 
hydrates are utilised in developing the fruits but the embryos in the seeds 
require more nitr(^en than carbohydrate for their growth and development, 
whereas fruit -bud formation is believed to be dependant on a high carbo- 
hydrate-nitrogen ratio. A knowledge of the relative times of growth and 
development of the fruit, seed and embryo as also that of the firuit-bud differen- 
tiation in mango would, therefore, be of interest in connection with the problem 
of alternate bearing in this fhiit. Secondly, it seems important that it is 
necessary to have a knowledge of the behaviour of the embryo because of the 
possibilities of improving the present varieties by hybridization, and also if 
it may be possible to use the apogamically produced seedlings in the polyem- 
bryonic strains as clonal root-stocks. 

The bblattvb tdibs op growth and development op the pbuit, seed and 

EMBRYO 

As far as the writers are aware, no study on this aspect of the mango has 
yet I een made, although it has received attention in a number of other 
fruits ; thus Connors [1919], Blake [1925], Lilleland [1931; 1934], Tukey 
[1933 ; 1934] and others working on peach, plum, apricot and cherry have 
shown that development of stone-fruit passes through three well-marked 
stages : (1) Rapid growth after fertilization due mainly to increa se in size of 
stone. The nucellas and integuments grow rapidly to full size, but the embryo 
does not start active growth until near the end of this period. (2) A period 
during which the growth of fruit is retarded but the stone hardens and the 
embryo rapidly reaches full development. (3) R-newed rapid development 
of the fruit to maturity. Sen [1937] found a similar phenomenon in apple. 
The WOTk described below was taken up with a view to gathering the informa- 
tion in mango. 

A sample number of fruits was collected every week from the time of 
fruit set-up to the time of fruit-maturity in the Bombai, Langra and Pazli 
mangoes and the volume, and maximum length, breadth and thickness of the 
fruit, seed and embryo, and only the lengths of the radicle and plumule separa- 
tely, were detemuned. During the first two to three weeks when the fruits 
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The Bombai is an early variety ripening towards the end of May or begin* 
ningof June ; Langra, a mid-season variety ripening towards the end of June ; 
and Fazli, a late variety ripening after the middle of July. 

As will appear from Figs. 1 and 2, unlike the temperate fruits mentioned 
above, fruit and seed in the mango develop concurrently. The earlier the fruit 
ripens the more rapid is its rate of development. From the appendix (Tables 
A and B) it will be seen that the cotyledons in the mango also grow along with 
the seed, the rate of growth of the radicle and plumule, however, remains very 
s’ow until the beginning of June irrespective of the varieties and their times of 
fruit-maturity. In the case of Bombai where the fruit had reached full ma- 
turity by the end of May, the radicle and plumule showed little change in the 
rate of growth ; in the other two cases, however, the radicle and plumule show- 
ed a sudden rise in their rate of growth after the first week of June. Although 
the fruits of Langra and Fazli reached maturity at different times, their em- 
bryos showed this sudden increase at the same time, in both the years. After 
this sudden rise the rate of increase in both the varieties showed a flattening 
out again. The Langra variety maintained this retarded rate of growth till 
its fruit matured, but in the case of Fazli there was another abrupt rise to- 
wards the end of June in 1938, and after the first week in July in 1939 when 
in there respective years the Langra fruit had already ripened. This renewed 
rapid rate of increase continued till fruit-maturity, resulting in a phenomenon 
like vivipary, the plumules and radicles quite often reaching in some cases a 
length of 20 to 26 cm. An observation of this phenomenon in a ripe fruit of 
the Fazli mango was previously recorded by Nandi [1934]. 

Whether or not the sodden increases in the rate of gro th of the plumule 
and radicle observed in the cases of Langra and Fazli are due to seasonal 
influence, in some way related to the nutritional conditions of the tree, the 
writers have no sufficient data at the present moment to come to any con- 
clusion. The one characteristic of the mango that its seed cannot be stored, 
at any rate, under the ordinary conditions, and that for successful germina- 
tion, the stone should be sown soon after it is removed from the ripe fruit, 
should also be borne in mind in this connection. The suggestion put forward 
by Nandi [1934] that this phenomenon in Fazli might be due to unfavourable 
condition of the soil seems rather remote as it appears to be a normal feature 
of this variety, and as the varieties like Bombai and Langra grown on the same 
soils do not show this phenomenon. 

Behaviour of the embryo 

As to this second question, points of fundamental interest have arisen 
since it has been found that although pollination and fertilization is necessary 
for the development of the fruit, the zygote in mango does not always produce 
an embryo. It may degenerate and take no part at all in the production of 
any embryo in the seed. On the other hand adventive embryos of nucellar 
origin may arise. 

The behaviour of the embryo in mango fruit first attracted attention 
because of the occurrence, in many cases, of more than one sprout from its 
seeds. According to Arndt [1935] Schacht recorded the presence of polyem- 
bryony in mango in 1869 ; Strasburger [1878] and Cook [1907] concluded that 
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the extra embryos were of nuoellar origin, but the latt r failed to ascertain 
whether or not the * strong * embryo came from the fertilised megagamete. 
He noted as many as eight embryos arising from a single seed. Mendiola 
[1926] reported that ten or even thirty seedlings may grow from a single seed 
(Carabao or Pico variety). 

Working on polyembryonic varieties, Belling [1908] in the Florida No. 11 
mango and Juliano [1934] in the Strawberry mango have found that in these 
two cases the zygote totally fails to develop and all the embryos in a seed are 
nucellar in origin. Juliano and Cuevas [1932] and Juliano [1937], in the Pico 
and Carabao mangoes respectively, have shown that the zygote usually persists 
and forms a sexual embryo, but it may degenerate and take no active part in 
the production of any embryo in the seed. The adventive embryos in the 
seed are nucellar in origin. Juliano [1937] also concludes that in the cases of 
polyembryonic seeds where both sexual and asexual embryos are produced 
it has not been possible to ascertain, after the seedlings have sprouted, which 
of them came from the fertilised megagamete ; further, where only one sprout 
arises from a seed on germination, this seedling may have been produced 
either asexually or sexually. 

Juliano opines that the Pico and Carabao mangoes are probably on their 
way to sterilization and degeneration in their zygotes so that in course of time 
they will also produce apogamic embryos only, and progenies true to type may 
be grown by seedage, as is the case now in Florida No. 11 and Strawberry 
mangoes. 

The use of such mangoes as develop apogamic embryos only should, 
therefore, provide a sure method of supplying root-stocks that will produce 
uniform trees. On the other hand the zygote degeneration in mango is a 
serious handicap in hybridization work, as the varieties showing this pheno- 
menon cannot be used as a female parent. 

Although by far the largest number of our Indian mangoes are knowm to 
be mono-embryonic, i.e. only one seedling arises from one seed, polyembryonic 
varieties are not unknown. In fact the Strawberry mango on which Juliano 
has worked is described as an Indian variety. Several varieties of polyem- 
bryonic mangoes have been found in the Malabar Coast and the Kodur Fruit 
Research Station, Madras, has taken up their collection. 

Incidentally, a point of fundamental interest noted by Juhaiio [1937] is 
that many of the mono-embryonic Indian mangoes when grown in the Philip- 
pines and Florida appear to develop polyembryony at least in a greater pro- 
portion, if not all, of their seeds when grown there. As to how this comes 
about, he doubts if it is due to natural cross-pollinations between the polyem- 
bryonic mangoes that are the natives of the locality, and the imported Indian 
varieties, as in that case, he thinks, all the Indian mangoes now growdng in 
those islands should have showm polyembryony. He suggests that if it is a 
case of reversion due to the influence of environment, and if the progenies of 
the varieties which show such a phenomenon revert to mono-embrypny when 
planted back in their own home, it may settle once and for all which character, 
poly or mono-embryony is the more primitive, and this may indicate the possible 
origin of all the present mangoes. 

There again occurs another phenomenon, namely that many of our Indian 
mangoes, though in very small numbers, give rise to multiple shoots, but only 
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one tap-root in germination. These shoots arise from the hypoootyl. Arndt 
[1935] has described this phenomenon in mango in the West Indies. He is 
inclined to think that the multiple shoots wUch arise from the seeds may 
originate through polyembryony, the development of adventitious buds on 
the seedlings before or during germination, or a combination of the two types. 

At our research station at Sabour, Bihar, we have almost every year seen 
many of the local varieties showing this phenomenon of mtdtiple shoots in 
germinating seeds. The results of a record taken in 1939 are shown in Table I. 
In the case of Fazli where the embryo in the seed of a ripe fruit shows fairly 
advanced growth, instances of multiple plumules are quite commonly seen. A 
photograph of such a Fazli seed and, in contrast, a seed of an Indian polyem- 
bryonic mango, namely, Goa (Kasargod) is shown in Plate XXXIII, fig 1. 
Drawings of the same Fazli seed are shown in Fig. 3 so as to enable a clear 
examination of the orientation of the multiple shoots. From the two very 
distinct cotyledons, one single root and the axillary orientation of the extra 
shoots it would suggest that the present case is one of adventitious budding. 
Here the main plumule has actually been suppressed in the centre and some 
of the axillary ones have outgrown it. Plate XXXIII, fig. 2 (a and 6) show 
photographs of two germinated seeds of Langra and Bombai respectively, 
producing multiple shoots. In these cases also, the extra shoots appear to 
have arisen from the axils of the cotyledons. Plate XXXIII, fig. 2 (c) shows a 
germinated seed of an Indian polyembryonic mango, namely Kurakkan 
producing three distinct seedlings, one of them further shows a side shoot 
arising from its hypocotyl. 



Fia. 3. Drawings of the Fazli seed photographed in Plate XXXIII, fig. 1, (a) with both 
the ootyledons intact, (b) after one of the cotyledons has been removed | 
showing extra shoots arising at the axils of the cotyledons 
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Table I 

Number of shoots arising on germination in three varieties of mango 


Number of seeds producing 


Seeds from 

1 Number | 
1 of seeds 
sown 

1 

i 

Number 

germi- 

nated 

1 shoot I 2 shoots 

! 1 

1 ! 

3 shoots ' 

More 

than 

1 3 shoots 

Bombai « 

1" Seedling tree 

1 

280 

1 

! 208 

! 

206 

2 

1 1 

1 

1 

1 

I 

! 


[Grafted tree 

280 

i 217 

210 ' 

3 

1 3 

j 

1 

Langra j 

p Seedling tree 

1 

‘ 280 

00 

136 

9 

i 3 


[Grafted tree 

280 

207 

202 . 

5 


1 

] 

1 

Fazli . ^ 

f Seedling tree 

1 

160 

36 

j 35 : 


i 1 


[^Grafted tree 

160 

21 

1 

4 

2 



From the results shown in Table I, it would appear that the seeds collected 
from fruits of seedling trees and from grafted trees make little difference in 
germination ; but among the three varieties Fazli is a very poor germinater. 
Whether or not this indicates the occurrence of zygote degeneration or embryo 
abortion in this variety, has not been investigated, but cases of deformity 
of the embryo have been noticed in large numbers so that while in the varieties 
such as Bombai and Langra the cotyledons practically fill the cavity of the 
stone in this variety quite often, insignificant cotyledons with undeveloped 
radicle and plumule are found to occupy only one corner of the cavity. 

In view of the above a knowldge of the behaviour of our polyembryonic 
as well as the important mono-embryonic varieties of mango seems to be impor- 
tant. In the case of the polyembryonic varieties no doubt it would appear 
difficult to distinguish the sexually produced seedling from the asexual ones, 
or the serds possessing only {isexually produced embryos from those which 
have both the sexual and asexual embryos ; but if it is possible to discover 
varieties like Florida No. 1 1 or Strawberry mango that produce all the embryos 
asexually, we shall be in a position to use them quite easily as root-stocks 
ensuring uniform trees. 

As regards the mono-embryonic varieties, most of our economic mangoes 
belong to this group. Whether or not these varieties can be improved by 
hybridization in respect of quality and bearing habit ♦ is yet to be known. 
For such attempts, a knowledge of the behaviour of their zygotes after fertili- 
zation will be of great help. Unfortunately, however, little work on this 
important aspect of the Indian mangoes has yet been done ; the only report 
knowoi to the writers is a note on some preliminary observations made by 
Maheswari [1934]. 

Most of the best quality of* Indian mangoes ai'e alternate bearers. 
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With the above in mind, samples of seeds of five varieties of our West 
Coast polyembryonic mangoes were collected through the courtesy of Mr K. C. 
Naik, Superintendent of the Kodur Fruit Research Station, Madras, and a 
preliminary morphological examination, including a germination test, of these 
was carried out during the last summer. The samples included seventy -five 
seeds of each of the four varieties, namely Olour, Goa, Goa (Kasargod) 
and Mylepelian and 600 seeds of Kurakkan, variety. The seeds were gathered, 
transported to Bihar from Madras and sown within a week in April-May 1039. 
The first four varieties were sown in seed-beds, and the last in pots at the rate of 
one seed per pot. After one week of sowing, when the seed had not yet germi- 
nated twenty-five seeds of each variety were unearthed for examination. 
Table II gives the number of embryos occurring in them. All these varieties 
showed more than one embryo in an overwhelming majority of cases ; in 
each of the varieties, however, a few cases showing a single embryo, without 
any trace of polyembryony, were found. Among the 125 seeds examined in 
the five varieties, the highest number of embryos in a single seed was six, 
observed only in one case in the Kurakkan variety. 

Table TI 

Polyembryony in mango 

Number of stones with the following 
Number number of embryos 

Variety of stones _ _ ^ 



1 examined , 

! 

1 

1 

2 

3 

4 

r 1 

o 

6 

Kurakkan 

1 

: 25 

5 

11 

0 

2 

0 

1 

Goa (Kasargod) 

25 

1 

8 ; 

9 

5 

2 

0 

Olour 

25 

5 

H 

! 

4 

9 

1 

0 

Mylepelian 

25 

4 

8 

8 

4 

1 

0 

Goa 

25 

^ ! 

15 i 

0 

0 

0 i 

()♦ 


* Four rotted, no trace nside the stone 


Plate XXXIV presents drawings of a germinating seed of the Olour variety. 
It shows the entire seed in two views and the five embryos after separation. 
As is found here, all the polyembryonic seeds examined have shovn one 
‘ strong ’ embryo having two cotyledons almost as big as a normal pair of coty- 
ledons in a mono-embryonic seed. In the case of others, the size of the 
cotyledons varies according to the position in which it lies in the seed 
so as to accommodate all the cotyledons of all the embryos within the stone. 
Embryos 1 to 6 represent this feature. 

Table III shows the results of germination in the five polyembryonic 
varieties. It appears that a considerable number of seeds in all the varie- 
ties failed to germinate successfully, also a good many of them finally produced 
only one seedling. 
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Table III 

Number of seedlings arising on germination in five varieties of polyembryonic 

mango 


Seeds from 

Number 
of seeds 
sown 

! 

: Number 
! germi- 
nated 

Number of seeds producing 

1 

1 seed- 
ling 

2 seed- ' 
lings 

3 seed- | 
lings 

More 

than 

3 seed- 
lings 

Goa .... 

50 

8 

6 

2 

1 

1 

. . 

Mylepelian 

50 

26 

16 

1 

' 


Olour .... 

50 

11 

11 

, 



Goa (Kasargod) 

50 

23 

i 16 

’ 5 

2 


Kurakkan 

410 

160 

30 

45 

41 

1 

34 


No study of the developmental morphology of the embryos in either the 
polyembryonic or the mono-embryonic varieties have yet been made. The 
observations so far made have been recorded here in the hope that these will 
be of sufficient interest to botanical workers in India so as to attract their 
attention to the problems of the mango. 

Summary 

Observations on the relative times of growth and development of the 
fruit, seed and embryo in three varieties of mango, namely Bombai, Langra 
and Fazli, the occurrence of multiple shoots in germinated seeds of the same 
varieties, and polyembryony in five other varieties of Indian mangoes, namely 
Olour, Kurakkan, Goa (Kasargod), Mylepelian and Goa are herein reported. 

Unlike in apple and in some temperate stone-fruits where the fruits 
develop in three well-marked stages {i) seed and truit growth, {ii) embryo 
growth and (m) final development of the fruit to maturity, the fruit, seed and 
the cotyledoas of the embryo in mango grow concurrently. 

Of the three first-named varieties, Bombai is an early ripener, maturing bj^ 
the end of May ; Langra, a mid-season variety, maturing towards the end of 
June ; and Fazli, a late variety, ripening after the middle of July. The earlier 
the fruit is due to ripen, the more rapid is its rate of growth. 

The radicle and plumule grow at a very slow rate till the end of May so 
that in the case of Bombai it shows no change in the rate at all; in the other 
two varieties, however, there is an abrupt rise in the rate of growth of the 
radicle and plumule after the first week of July. The two varieties show this 
change irrespective of their time of fruit-maturity. After some time the rate 
flattens out again so that the Langra mango shows no other change in this 
respect till its fruit matures, but in the case of Fazli the radicle and the plumule 
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how another abrupt rise in the rate of their growth after the first week of 
July. This rapid rate of growth results into a phenomenon like vivipary. 
The radicle and plumule sprout out of the stone and quite often attain a length 
of 20-25 cm. 

In all the three varieties, i.e. Bombai, Langra and Fazli oases of multiple 
shoots and only one tap-root on germination of the seeds are found to occur. 
In the case of Fazli, seeds with multiple shoots are sometimes found in the 
ripe fruits. The extra shoots appear to arise adventitiously from the axils 
of the cotyledons. 

All the polyembryonic varieties were found to have a few mono-embryonic 
seeds. The polyembryonic seeds always have one strong embryo and the 
others vary in vigour according to their positions in the seed. It appears 
probable that a considerable number of the polyembryonic seeds fail to success- 
fully germinate more than one or two seedlings. 

The necessity for an investigation of the behaviour of the zygote after 
fertilization in both the mono and polyembryonic varieties has been stressed 
because of the possibilities of improving them by hybridization and using the 
apogamioally produced seedlings in the polyembryonic strains as clonal stocks. 

Thanks are due to the Imperial Council of Agricultural Research, India for 
maintaining the Fruit Research Scheme under which it has been possible to 
make this study. Thanks are also due to Mr A. C. Sinha, B. Sc. Ag. for 
assistance i'l measurement work in 1938. 
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Table A 

Development of fruit, seed and embryo in mango, 1938 
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Table B 

evelopmmt of fruit, seed and embryo in mango, 1939 



liragth fa) reality repreeents cotyledon len^h. 



THE EFFECT OF AMMONIACAL AND NITRATE 
NITROGEN ON THE YIELDS OF THE 
RICE PLANT 

BY 

K. H. DASTUR 

Punjab Agricultural College, LyaUpur 
(Received for publication on 19 May 1939) 

D uring the investigations on the physiology of the rice plant carried 
out at Bombay it was found that from water-culture solutions the ab- 
sorption of ammoniacal nitrogen by the rice plant decreases while that of 
the nitrate nitrogen increases as the plant ages [Dastur and Malkani, 1933]. 
It was, therefore, concluded that a mixture of two forms of nitrogen would 
be a better source of available nitrogen to the rice plant than any one of 
them applied singly, after transplantation. Pot experiment and small plot 
experiments later confirmed the above conclusion [Dastur and Pirzada 1933]. 
It was also found that maximum effect on the growth and yield of the rice 
plant was produced when a mixture of sulphate of ammonia and potassium 
nitrate was applied one month after transplantation (i.e., middle of August).^ 
When the above-mentioned findings were discussed by the Rice Sub- 
Committee of the Imperial Council of Agricultural Research, it was suggested 
that the superiority of the mixture of ammonium sulphate and potassiulm 
nitrate to any one of the two fertilizers applied on an equal nitrogen basis 
might be due to the presence of potassium and not to the greater availability 
of nitrogen in the mixture used. In order to meet this fresh view point it 
was decided to use sodium nitrate in place of potassium nitrate. Field experi- 
ments with necessary replications were therefore arranged at two places in 
the Bombay Presidency with the following four treatments which were rando- 
mised ; (A) control, (B) sodium nitrate, (C) ammonium sulphate and (D) 
mixture of (B) and (C) on equal nitrogen basis. Nitrogen was applied at the 
rate of 40 lb. of nitrogen, in all cases, one month after transplantation. 
The results of these field experiments as given in Table I show ed that in the 
light soils at Goregaon (Thana district) the mixtui’e of ammonium sulphate 
and sodium nitrate gave significantly higher yields of grain than ammonium 
sulphate or sodium nitrate alone while the increase in grain yield resulting 
from ammonium sulphate over tliat of the control was just on the verge of 
significance. No significant difference was found between the grain yields 
from sodium nitrate and the control. The yields of straw on Goregaon soils 
were in the order : — mixture>ammonium sulphate^ sodium nitrate control. 
On heavy soils at Talangpur (Surat district) the case was different. On 
these soils ammonium sulphate was found superior to the mixture of two 
fertilizers and gave a significant increase in yields of grain. The mixture 
gave higher yields than sodium nitrate and sodium nitrate gave higher yieldc 
than the control. 

In case of straw yields ammonium sulphate was found equal to mixture 
while the other treatments gave similar results as on soils at Goregaon. 

From the results obtained it was clear that at one place the mixture 
proved better than ammonium sulphate while at the second place ammonium 
sulphate gave higher yields than the mixture treatment* It was then suggested 
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by the author that these differences in response to these two treatments at 
these two places might be due to the differences in the physical and chemical 
properties of the soUs {Prog. Beporta, I. C. A. B., 1934). 

Table T 


rjacc 


r 

j Treatments 

Mean 
yields of 
grains in 
lb. per 
acre 

Mean 
yields of 
straw In 
lb. per acre 

(Thana 

district). 

A. Control .... 

1,382 

1,804 



B. 40 ib. of N as sodium nitrate 

1,806 

2,266 



G. 40 lb. N as ammonium sul- 
piiate. 

D. 20 ib. N as sodium nitrate -f 

4- 20 N as ammonium sul- 
pliate. j 

S. E. of a single mean . . { 

1 

1,516 

2,001 

65*0 

2,988 

3,582 

78‘J 

(Horav 

district), 

A. Control . . . . j 

1,506 

1,842 , 



B. 40 Ib. N as sodium nitrate . ! 

1,685 

2,276 i 


1 

1 

j 

0. 40 lb. N ns ammonium ^lul- | 
phate. 

D. 20 lb. N as sodium nitrate , 
4-20 lb. N as ammonium 
sulphate. 

S. B. of a single mean . , 

2,276 

2,033 

124 0 

3,160 ; 

2,919 

212 0 


Conclusions 


Bombay 


raiangpttr 

Bombay 


Mixture Is superior to 
ammonium sul- 
phate 


i Ammonium sulphate 
is superior to mix* 
turc 


In 1934 the above quoted results were discussed by the Rice Sub-Com- 
mittee of the Imperial Council of Agricultural Research and it was then re- 
commended that the Agricultural Departments of the different provinces 
may find it worthwhile to test this conclusion of superiority of a mixture of 
ammonium sulphate and sodium nitrate on some soils to either constituent 
as a fertilizer for rice. 

The investigations at Bombay could not be continued on account of the 
transfer of the author to the Punjab and further investigations on the pro- 
perties of the soils giving different responses to the mixture treatment as 
compared with ammonium sulphate could not be undertaken. But in view 
of the recommendations of the Imperial Council of Agricultural Research the 
Agricultural Departments of some provinces laid out field experiments to test 
the above-quoted conclusion. 

The yield results of the field experiments carried out at different agri- 
cultural stations in India have now been made available to the author for 
examination in the light of the conclusions reached by him at Bombay. 

The field experiments were carried out at the agricultural research 
stations in Assam, United Provinces, Bombay, Orissa, Bihar, Madras and 
in Travancore State. The experiments were either conducted for one, two 
or three consecutive years in each province at one or more places. It may 
be mentioned here that experiments laid out at different places differed in 
one or more respects from one another. As for instance at Raipur in C. P. 
treatments given were different from those recommended. The doses of 
nitrogen given also varied, and so also the time of applications of the ferti- 
lizers. The number of replications differed at different places. On account 
of lack of homogeneity in the conduct of experiments no further statistical 
study of the results than discussed below was possible. 

The yield results with conclusions in brief are given in Tables II-IV. 
A study of these result|^;j^ow a few irregular features which are pointed out 
later. 
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Pt 


Table ITI 


Mean yUMs per acre in lb. 


TreatmentB 

1083-34 

1034-35 

1086-86 

OoDclttakiiia 

1 Sandy 

Clayey 

Sandy 

Clayey 

Sandy 

Clayey 




1 soU 

i 

soil 

soU 

soil 

soU 

sou 





Raipur (C. P.) 



1 

1 . 20 lb. Nl as amm. 

1,011 

1 

983 

1,475 

1,025 

2,084 


Ko elfbct of trsat 

sulphate at trans* 
plantation. 

2. 10 lb. N ^ 10 lb. 

1 



ments. 




049 

686 

1,840 

1,108 

1,066 



N as amm. sul- 
phate at trans- 








plantation and at ] 
nowerins. 








3. 10 lb. N as amm. 

073 

624 

1,847 

1,006 

1,006 



sulphate + 10 lb. 





N as sodium ni- 
trate at transplan- 
tation. 

1 

1 

1 






4. 10 lb. K as amm. 

008 

560 i 

1.878 

1,046 

1 

1.001 



sulphate at 

transplantation + 








101b. N assodl- 
nm nitrate at 
flowering. 









8. E. not given 

S.E. 132 lb. 

. 162*0 lb. 

146-2 lb. 



Kanke (Bihar) 



1035-86 

1086-87 


1087-88 


— 

Trami- 

Broad- 

Trans- 

1 Broad- 

Trans- i 

Broad- 



planted 

cast 

planted 


cast 1 

planted 

i 

cast 


A. Control 

811 

661 

1,210 


1,086 

802 

766 

In 1086-86 and 1086* 

B. 40 lb. N os sodium 
nitrate. 

513 

486 

1,861 


1,005 

1,S10 

1,478 

87 amm. sulphate Is 
anperlor to mlxtore 








but in 1087-88 mix- 

C. 40 lb. N as amm. 
sulphate. 

428 

804 

1,890 


2,135 

681 

1.176 

1 

ture Is found supe- 
rior to amm. sul- 
phate. 

D. 20 Ib. N as sodium 
nitrate +20 lb. N 
as amm. sulphate. 

408 

466 

1,600 


1.676 

717 j 

1 

1 1.486 

1 

' 1 

In 1087-86 sodinm 
nitrate is found to 
be the best tieat- 
1 ment. 



8 

. B. not known 



1 

! 

1 



At Mughad in Bombay yields show no effect of treatments. The yields 
of control are slightly higher than the plots treated with 40 lb. of nitrogen 
and will therefore be not discussed. The results obtained at Raipur in the 
^ntral Provinces could not be correctly interpreted as no control is provided 
for and it is difficult to know if application of nitrogen in any form has any 
effect at all. The results obtained at Kanke indicate great differences 
the responses to sodium nitrate. In 1936-36 sodium nitrate has given the 
highest yields in case of transplanted paddy but in case of broadciwt paddy 
the same treatment has depressed the yields. In 1937*38 on the other hand 
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sodium nitrate has proved the most superior treatment in both cases, while 
in 1936-37 this is not the case. Tt is likely that in 1935 in case of broadcast 
paddy sodium nitrate may have caused injury to the rice seedlings at the 
time of application and thus the yields were depressed. Such injury to 
plants is known to be caused when sodium nitrate is applied. 

Table IV 


Coimbatore 


Berhampur 


Conclusions 


Yields expressed as percentages of general mean for 10S5-86 and 1986-37 


A. Control . . ^ 125*7 

B. dOlb. K as sodium nitrate > 184*5 

C. SOlb. N asamm. sulphate 157*8 

I 

D. 151b. N as sodium nitrate 149*4 

4*15 lb. N as amm. sul- 
phate. 

E. 201b^N asamm. sulphate 163*1 

4-10 lb. N as sodium 
nitrate. 

F. 10 Ib. N as amm. sul- 189*7 

phata 4*20 lb. N as sodium 
nltrat«. 

S. B.-3*0 


98*1 ! 128*3 70*9 ' Amm. sulphate Is as good 

I I as the mixture. 

69*5 ! 189*2 80*5 

69*0 152*4 90*0 

70*5 ’ 147*5 90*0 

69*8 ’ 144*8 84*6 

70*7 146*6 82*2 

Critical d!frerence>» 10 ‘ 2 


In Madras the experiment to determine the response to a mixture of two 
fertilizers was laid out for two years 1935-36 and 1936-37 at lour different 
agricultural stations. In addition to the usual four treatments two more 
combinations of ammonium suljihate and sodium nitrate were tried as separate 
treatments. At Maruteru Farm the experiment was spoiled in 1936-37 on 
account of the incidence of silver shoot disease and controls yielded more 
than the plots treated with nitrogen. 

Table V shows how the mixture and ammonium sulphate treatments 
have responded at different places in different provinces in different years. 



Table 

V 



Mixture > amm. sulphate 

i : 

i Oorrgaon 1 

(Bomluiy) 

TiUl.u 

(Assam) 

Kanke 

(Bihar) 

Tiavancore 


i 1983-34 

1932 

1937-38 

1936-87 

Amm. <iulpliate > mlxttve , 

Kanke (Bihar) 

t 

Talaiigpur (Bom- 
bay) 




' 1935-86 I 

' 1986-87 

1933-.84 



Mixture-* amm. sulphate 

i Nogina (U.l\) I 

Cuttack (Orissa) 

Raipur (C, P.) 

Madras 


1985-36 
. 1936-87 

193r)-86 

1936-37 

1933- 34 

1934- 35 

1986-87 

Sodium nitrate > amm. sulphate - mixture 

■ Kanke (Bfharl | 

1 




* 

1987-88 i 

1 1 
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The responses to the mixture and ammonium sulphate at different places 
are different. At four stations mixture was found superior to ammonium 
sulphate in a total of six experiments. There was no difference between 
the mixture and ammonium sulphate in a total of twelve experiments at six 
stations while ammonium sulphate was found superior to mixture in a total 
of five experiments at two stations. There was no response to any fertilizer 
at one station while it is not possible to say whether there was any response 
to applications of nitrogen at another station. At the latter place no difference 
between the mixture and ammonium sulphate treatments was found. Thus 
mixture was found superior to ammonium sulphate in six experiments out 
ofa total of twenty -nine experiments, inferior to ammonium sulphate in five 
experiments and equal to ammonium sulphate in twelve experiments. It is 
thus clear that responses to mixture and ammonium sulphate varied from 
place to place as was the case in the field trials carried out by the author at 
two places in Bombay. 

The results suggest that the differences in the response to these treat- 
ments at different places may be due to the differences in the physical and 
chemical properties of the soil. Tliey may also be due to the different effects 
produced by the sodium ions of sodium nitrate in different soils. It was 
pointed out in the earlier part of the ])aper that originally a mixture of ammo- 
nium sulphate and potassium nitrate was used but to meet the view point 
that greater response given by tbe mixture to either constituent might be 
partly due to the presence of potassium ions in tlie mixture, potassium nitrate 
was replaced by sodium nitrate. But this change from potassium nitrate 
to sodium nitrate very likely introduced othei* disturbances in the soil. It 
is known that from a solution of sodium nitrate, nitrate ion is absorbed to a 
greater extent than sodium ions and the soil redaction is altered as found by 
the author [Dastur and Kalyani, 1934]. In case of potassium nitrate this is 
not the case. It was found by the author fDastur and Malkani^ 1933] that 
potassium ion is absorbed by the rice plant to a greater extent than the nitrate 
ion from a solution of potassium nitrate. It is thus possible that presence of 
sodium nitrate in the mixture may have adversely affected the activities of 
the roots in certain soils and has thus lessoned the yields at some places. 

The above-mentioned point can be elucidated by laying out a complex 
experiment involving all combinations of potassium nitrate, sodium nitrate and 
ammonium sulphate. There will be (2)*=eight treatments: (1) control; (2) 
potassium nitrate ; (3) sodium nitrate ; (4) ammonium sulphate ; (5) potassium 
nitrate + sodium nitrate ; (0) sodium nitrate 4- ammonium sulphate ; (7) potas- 
sium nitrate + ammonium sulphate ; (8) potassium nitrate -f sodium nitrate+ 
ammonium sulphate. Such an experiment will at once show the effects pro- 
duced on the plants by the presence of potassium and sodium ions in the 
mixture. 

SUMMABY 

\Field trials on rice were arranged to study the response made by sulphate 
of ammonia, sodium nitrate and a mixture of two fertilizers, on equal nitrogen 
basis at different places in India to test the authors* finding from a purely 
physiological study, that mixture of two fertilizers is a better source of nitro- 
geain some soils than any one of the two constituents used separately. 
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The experiments were laid for two or three years in Bihar, Orissa, Centra 
Provinces, Madras, Bombay, Assam and Travancore during the period 1933- 
37. The statistical analyses of the results showed that the mixture gave 
significantly higher yields than ammonium sulphate at Goregacn (Bombay), 
Titabar (Assam), Kanke (Bihar) and Travancore ; ammonium sulphate gave 
significantly higher yields at Kanke (Bihar) and Talangpur (Bombay) ; the 
mixture was found as good as ammonium sulphate at Nagina (tl. P.), Cuttack 
(Orissa), Baipur (C. P.) and Coimbatore, Aduturai and Berhampur (Madras). 
Sodium nitrate gave significantly higher yield than the mixture or ammo- 
nium sulphate at Kanke (Bihar) in 1936-37. The field experiments arranged 
at two places in Bombay by the author had also shown that the response 
to the mixture and ammonium sulphate varied in different soils. 

It is suggested that presence of sodium ions in sodium nitrate used may 
have produced some deleterious effects in certain soils and thus the response 
to mixture may have been lessened at such places resulting in no increase in 
the yields when compared with ammonium sulphate. 'N A complex experi- 
ment involving all combinations of potassium nitrate, soaium nitrate, ammo- 
nium sulphate and control will elucidate this point in such soils. 
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L aboratory studies on the effect of addition of cane molasses to 
various representative Indian soils under swampy conditions have 
shown that carbohydrate, the major constituent of molasses, rapidly under- 
goes decomposition, yielding a variety of products, some of which escape 
into the air as gases, the others remaining in solution [Bhaskaran et al., 1934, 
Karunakar et al., 1937]. To understand the nature of the decomposition 
products contributing to the fertilizing value of the molasses, it becomes 
necessary to carry out a systematic examination of such products throughout 
the period during which the fermentation is in progress. The results of the 
studies relating to the gaseous products of the breakdown of the soil molasses 
complex have already been published [Narasimhamurthy, 1936]. An exami- 
nation of the soil residues [Narasimhamurthy and Subrahmanyan, 1935] in 
these studies revealed that the final carbon level remained unaltered except 
in those cases where the system was alkaline. In this latter case, the carbon 
level fell down to a great extent. In the initial stages of the fermentation, 
however, there is a distinct rise in the carbon level of the soil. It is therefore 
clear that the significant changes are confined to the solution phase and in 
this paper the results of a detailed study of the changes in cor bon complex in 
the solution phase are recorded. 

Experimental 

Materials 

Fob these studies, the local red sandy loam soil was employed. After 
removing the roots and other vegetable residues present in it, the soil was 
pulverised and sieved. The fraction which passes through 20 mesh but not 
through 30 mesh was separated out for reasons given in our previous work 
[Bhaskaran et al., 1934] for use in the experiments. The soil used in the pre- 
sent study was obtained from the same plot from which samples had been 
drawn for the previous investigations [Bhaskaran et aL, 1934]. The experi- 
ments were carried out during the months of August-September and the 
temperature during the period varied between 90® and 70®F. 

Procedure 

The soil was weighed out in 400 gm. lots into bottles of about 2 litres 
capacity. To each lot was then added 4 gm. of molasses and one litre of water# 
This proportion of water was found sufficient to keep the soil well submerged. 
The bottles were loosely plugged with cotton wool. Two series of experi- 
ipents were conducted. The first, which was qualitative in character^ hod for 
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its objective the identification of the products of decomposition in the liquid 
phase. This experiment lasted for four weeks and random samples were taken 
for examination each day in the first week and once a week later. In the second 
series, the more important constituents were quantitatively estimated ; sam- 
ples were taken for analysis every other day throughout the period. 

The supernatant liquid was separated from the soil residue by filteration 
on a Buchner under gentle suction. The residue on the filter was washed 
three times with liberal quantities of distilled water and the combined fil- 
trate and washings employed for the analysis. The solution was first made 
alkaline in order to precipitate iron and after filtration and repeated washing 
of the precipitate, the filtrate and washings were distilled to remove the neut- 
ral volatile products. Ice-cold water was employed to cool the receiver and 
the condenser. The distillate was made up to a known volume and aliquots 
used for estimating alcohol and aldehyde. The residual solution in the distil- 
ling flask was quantitatively transferred into a clean porcelain basin, made 
alkaline to litmus and evaporated on a water-bath to a small bulk. It was then 
made up to a known volume and aliquots used for estimating lactic acid and 
volatile fatty acids. 

Methods 

Qualitative examination revealed the presence of the following acids : — 
lactic, acetic, propionic and butyric. Alchol and aldehyde were the only 
neutral bodies detected. 

Alcohol and aldehyde . — Aldehyde was estimated by the method of Fidler 
[1934]. Briefly stated, the method consists in treating the aldehyde solution 
with sodium bisulphite at 0®C. for one hour and back-titrating the unused 
bisulphite with standard iodine solution. The observation of Fidler [1934], 
that under these conditions auto-oxidation of aldehyde is negligible, is con- 
firmed in the present work. It was also found that alcohol does not interefere 
in the estimation. 

Alcohol and aldehyde were together estimated in a separate aliquot. 
They were oxidised by excess of standard dichromate solution at 37®C. in an 
incubator for forty-eight hours, the residual dichromate being estimated by 
titration with standard thiosulphate. Subtracting from this the known value 
for aldehyde, the quantity of alcohol present in the mixture was computed. 

Lactic acid . — The method was essentially the same as that outlined by 
Subrahmanyan [1929]. Preliminary experiments showed that the method was 
quite suitable for the determination of lactic acid in the decomposition pro- 
ducts of molasses, and that the presence of volatile fatty acids, such as propio- 
nic and butyric acids, did not interfere with the accuracy of the method. 

Fatty acids . — ^Volatile fatty acids were estimated according to the 
procedure outlined by Dyer [1916]. 

Results 

For the qualitative study the culture solution was examined both before 
and after separation from the soil sediment. In the latter the solution was 
fractionated into three portions through distillation : (1) the non-volatile resi- 
due in the flask, (2) the volatile acids and (3) the volatile neutral products 
of fermentation. In the non-volatile portion, tests were made for lactic, 
peruvic and succinic acids. Volatile fatty acids were looked for in the 
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second fraction and tests were applied to the third portion for acetone bodies 
alcohols and aldehydes among the netutral volatile products. 

Reducing sugars persisted till the third day. Lactic acid and alcohol were 
present in the solution after the first twenty-four hours. The solution also gave 
a faint idoform reaction in the cold indicating the presence of acetone bodies, 
but other tests showed that this was not due to acetone. The reaction was 
noticed on the second day also but subsequent samples did not answer this 
test. On the second day. in addition to lactic acid and alcohol, both propionic 
acid and acetic acid were present, the latter only in traces. The following day 
aldehyde was the only additional compound identified ; the test for acetic 
acid was stronger than on the second day. The same tests were obtained 
throughout the week with only one addition, viz. that of butyric acid which 
appeared to be in traces. The indication for aldehyde was also weak. During 
the following two weeks the products persisted witli the exception of aldehyde 
and but3rrio acid. Towards the end of the last week of the experiment, i.e. 
on the twenty-eighth day, only three products were found to be present and 
these were alcohol, lactic acid and acetic acid. They too were present only 
in diminished quantities. 

In the other series, where a quantitative estimation of the fermentation 
products was carried out, the experimental period was restricted to about three 
weeks, the reason being that in actual field practice the fields are flooded after 
this period, and the soluble products get completely washed away. In these 
estimations attention was given to aldehyde, alcohol, lactic, acetic, propionic 
and butyric acids. The results are given in Table I and graphically represent- 
ed in Pig. 1, The quantities of aldehyde and butyric acid in the solution being 
of the order of 1 mg. and below were omitted from the table. 

Table I 

Balance sheet for carbon in the changes a>cc<mpanyiiig the decomposition of 
molasses {expressed on 100 gm. of soils) 


Serial 
No. ot 
cxiHiri- 
meiit 

Period of 
lermeiitii- 
tion in 
days 

'Fotal 
carbon 
added as 
molasse.s 
(mg.) 

Sugar 

' Alcohol 

('aiboii recovered 

Aeotic Propionic 

acid acid 

ns 

l.actic 

acid (mg.) 

Carbon 

dioxide* 

(mg.) 

Total 
^ carbon 
recovered 
(mg.) 

1 

' 0 

307 

... 






307 

2 

: 2 


31 

j 64*5 

13*2 

17-4 

31*5 

22.0 


.5 



Nil 

j 16*5 

22*0 

97*7 

36*0 

66 0 

238*4 

4 

6 



j 20*0 

12*0 

40-5 

47*7 

90 5 

211*0 

5 

8 

*> 

»> 

; 00 

... 



100.0 


ft 

! 10 1 

>> 

99 

'■ 7-U 

58*7 

134*0 

21*7 

103.0 

324*6 

7 

12 1 

1 



1 4*0 

111*0 

79*0 

20*5 

106.0 

320*7 

8 i 

1 14 j 

" i 


! 

83*6 

107*0 

22*2 

107*4 

322*6 

i 

Itt j 

- i 


0*6 

85*0 

136*(> 

13*6 

109 0 

344*3 


18 ! 

$9 

99 

0-0 

104*0 

98*7 

19*0 

111*2 

j 333*9 

" 1 

20 j 

ff , 

M 

i 

66*0 1 

118*0 

J2*0 

114*0 

1 311*5 

1. I 

22 ; 

•’ i 

_ , _J. 

99 j 

0*9 

80*0 j 

118*0 

8*5 

120*5 

1 323*0 

t Results in this column are reproduced ftom a previous paper [Bhaskaran ol., 103i]* 
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Fia. 1. 

Discussion 

The results presented show that the carbonaceous matter of molasses 
is largely (converted into gases like carbon dioxide and methane aiui other 
organic compounds which being suluable are present in the supiTiiatant liquid. 
The carbon content of the soil is not, however, enhanced as there is little or no 
liumus prodiK'tion. This observation is in conformity with the previous 
findings [Narasiinhamurthy and Subrahmanyan, 1935]. 

Of thf 3 several soluble compounds formed, organic acids form the bulk 
and the quantity produced particularly that of acetic and propionic acids 
is considerable during the second half of the experiment. The large amounts 
of acids present lowers the markelly, rendering the soil highly acidic. 
This is in conformity with the observations in the earlier work [Bhaskaran ct al.y 
1934] wherein it was shown that the jpH and buffering capacity of the supernat- 
ant liquid reach a peak by about this period. Due to this acidity no crop can 
thrive on the soil during this period. The toxic effect ascribed to molasses- 
treated soil and the unfavourable results reported by Peck [1912], Harrison and 



772 THIS INDIAN JODBNAL OF AGIUUULTUBAL SOIBNCB, [X 

Wad [1913] may be due to this condition. Karunakar el al. [1937] ascribe the 
toxicity to the gases carbon dioxide ^d hydrogen which displace oxygen 
from the soil solution and thus as phyxiate the plant. 

The presence of these acids in such concentrations would naturally alter 
the physical condition of the soil by reacting with its insoluble minerid com- 
plex. Considerable quantities of iron, calcium and aluminium are brought 
into solution [Bhaskaran et al.,1934]. 

Of considerable interest are the chain of fermentation products produced 
under the conditions of the experiment, in the succession mentioned already. 
Lactic acid is the first to be produced. The other acids are probably derived 
from it as a result of decomposition. The observation that the concentration 
of volatile acids increases with the decrease in the concentration of lactic acid 
lends support to this assumption. However a definite assertion on this point 
is not possible with the available data. 

In view of the high carbon-nitrogen ratio obtaining in molasses, there 
is considerable loss of carbon. If by the addition of suitable nitrogenous 
matter, the C/N ratio is narrowed down, a portion of carbon could probably be 
retained in the soil but this however is a field for further investigation. 

SnuMABT 

1. 'J'he transformation of molasses, w'hen applied to soil as a manure 
under waterlogged conditions, has been studied. 

2. The carbon reserves of the soil are not augmented by using molasses 
as a manur-e. The acidity of the supernatant solution become so high as 
to render the soil unsuitable for the crop for at least one month after the 
application of molasses. 

3. The decomposition products are mostly acids such as lactic, acetic, 
propionic and butyric, the last mentioned occurring only in traces. Alcohol 
is alro found to occur in appreciable quantities These decomposition products 
together with carbon dioxide which escapes from the system as gas account 
for nearly all the quantity of carbon added as molasses. 

4. Lactic acid is the first product of the decomposition of molasses in soil. 
Other products appear later. The concentration of lactic acid gradually de- 
creases while that of other acids incre^. 

The author’s grateful thanks are due to Prof. V. SH))rahnianyan for his 
helpful suggestions in the course of this investigation and to Mr B. N. Banerjee 
fo his kind interest. 
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S INCE the discovery of nitrogen-fixing bacteria, workers in many eountrie> 
have made attempts to evaluate the extent and significance of jiitrogen 
fixation in soils under different conditions. There are cogent reasons to belie\ c 
that fixation occurs in arable soils and the most direct proof is the continuous 
crop yields from soils which have never been manured within human memory. 
Potash is abundant in most soils and phosphoric acid can be brought from 
the sub-soil by the deeper roots of plants, so a fair level of fertility can be 
maintained if the nitrogen supply is kept up. In soil where no nitrogenous 
manure has been added the supply of nitrogen must be entirely due to 
nitrogen-fixing organisms.^ 

The extent of asymbiotic nitrogen fixation has been fixed within consider- 
able limits in the vast literature on the subject. Two plots at the Rothamsted 
Farm have shown an average fixation of 25 lb. of nitrogen per acre annualh 
over a period of twenty-five years [Hall, 1937], while another plot left wild 
under permanent vegetation on the same farm has shown an average annual 
fixation of 91*7 lb. nitrogen per acre during fifty years [Russell, 1937J. {lii 
the Punjab, Wilsdon and Ali [1922] recorded an increase of over 100 per cent 
nitrogen in four months in some districts : the maximum fixation recorded 
l>eing 50 mg. nitrogen per 100 gm. soil or equivalent to 150 tons farmyard 
manure per acre. Lander and Ali [1925] from the same laboratory corrobo- 
rated tlie above findings on the nitrogen-fiiing power j)ossessed by arable 
soils, but were not able to record such high additions. They on the other 
hand found tliat losses of the nitrogen fixed also took place as rapidly.^ 
Considering the losses of nitrogen otherwise than by leaching from arable 
soils, one plot at Rothamsted has received an application of 14 tons of farm- 
yard manure or 200 lb. nitrogen every year since 1865 ; of this huge amount of 
nitrogen only about one*fourth has been obtained in the crop, another one- 
fourth is detectable in the soil and the rest is supposed to have been lost.. 

(Besides the innumerable reports of gains and losses of nitrogen from arable 
soils there are instances on record where no significant fixations or losses could 
be recorded [Punjab Department of Agriculture Reports, 1917-20]. While 
there can be several explanations of differences in observations under different 
conditions, the chief reason for such widely differing observations seems to be 
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the method that is commonly used for the determination of nitrogen in soil. 
That most commonly used is the Kjeldahl method which is based on the trans- 
formation by acid digestion of the different forms of nitrogen into ammonium 
sulphate from which ammonia is later distilled in standard acid. Generally 
5 to 10 gm. of soil samples are used for analysis and the ammonia evolved 
during distillation is received in a deci-normal acid. 

In actual practice it is possible even with the utmost care to use a drop 
of alkali too much or too little before the end point is well marked in titration. 
Taking four million pounds as the average weight of an acre-foot soil thia 
difference of a drop of alkali in titration represents 66 lb. of nitrogen more 
or less per acre if a 6-gm. sample is used for analysis or 28 lb. nitrogen if 
the sample taken for analysis is 10-gm. 

(Approximate weight of one acre-foot soil 
•= 4,000.0001b/) 
or X 468 tt 1,812,000,000 gm. 

Difference of a drop of deci- normal alkali for 5-gm. sample 
means a difference of one o.c. in 100 gm. — 
or 1 ‘4 mg. N per 100 gm. soil 

/. difference in acre-foot soil — 

= 1,812,000,000 X 1*4 


lOOU X 100 


= 25,368 gm. N 

. or 66 lb. N per acre) 

CTaking 45 lb. as tlie average nitrogen content of a wheat crop removed from 
one acre it will be seen that even the most careful worker cannot detect with 
certainty the gain or loss of this amount in the soil.') 

In order to illustrate this point a number of deterininations were carried 
out with a sample of clay-loam soil. A portion of the samjde was sieved 
through a 0- 6-ram. sieve, another portion sieved through a 1-mm. sieve and 
still another portion sieved through 2-mm. sieve. J>eterminations of nitrogen 
were made in 5 and 10 gin. portions of the three* samples so [)rej»ared and the 
following results were obtained : 


Nitkogkn in lb. per acre 

7. As affected by the size of particles (lO-gm. samjde used for determi- 


nation). 

Sieve used 

0*6 inm. 

1 mm. 

2 injn. 


Dry digestion . 

1316 

1330 

1372 


*Wet digestion . 

1372 

1358 

1400 


II. As affected by the weight of sample taken for analysis f 1-mm. sieved 
sample). 

. Dry Wet 

digestion digestion* 

6 gm. . 1400 1344 

10 gm. . 1330 1368 

* In wet digestion the soil was treated with 20 c.c. water before the addition of 

aaid. 
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Without discussing the comparative merits and demerits of the wet and dry 
methods of digestion or the influence of the weight and fineness of the sample 
taken for analysis, the above-quoted results clearly show how variable the 
results of nitrogen determination in soil can be in spite of neat care. 

4, While standardization of the procedure similar to the one suggested by the 
Official Agricultural Chemists may help to make the results more comparable, 
the Kjeldahl method is not at all suitable for recording absolute fluctuations 
of nitrogen in soil, ^ 
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> (With Plat© XXXV and throe toxt-fiKures) ' 

Introduction 

I N the course of an investigation into the possibility of the biological con- 
trol of the cotton-stem weevil of South Fridia, the biology of Enpelrnella 
pedatoria Perr., an ectophagous larval parasite of this weevil, was studied. 
This curious eupelmid was for the first time observed parasitising Pempheres 
grubs in an off-season crop of Cambodia cotton during July 1937. It has since 
been recovered, though in small numbers, on several occasions from the same 
crop and from the same host as also from other hosts infesting a few other 
species of plants. The study is by no means exhaustive since many aspects 
of its biology and distribution still require a more thorough and extended 
investigation. This is perhaps the first record of this genus in India. Besides, 
the parasite was noted to be peculiar and unique in respect of certain struc- 
tural characters, reproductive habits and parasitism. Tt was therefore thought 
desirable to place on record the fact of its occurrence in this (?ountry together 
with the observations so far made on its life-history and behaviour in relation 
to its host complex. 

Adult {Plate XXXV fig* /). — The adult female is a dark smooth shining 
elongate creature varying in size from 1*0 mm. to 3*0 mm. in length, 
averaging 2* 6 mm. with a width varying from 0-5 mm. to 0*75 mm., averag- 
ing 0*6 mm. for six individuals. The general colour varies from brownish dark 
to jet black. The wings are rudimentary and curved wdth a narrow tapering 
apical region. Consequently the parasite is unable to fly. The parasites, 
however, are adepts in running quickly and taking long leaps in cages. The 
ovipositor is quite prominent and well extended beyond the tip of the abdev 
men. 

The specimens were sent to the Imperial Institute of Entomology, Lon- 
don. for identification and Dr Ferriere has recently determined the same as 
a new species of Enpelrnella — family Eupelrnidae, super-family f^halcidoidea, 
fPerriere, 1939]. 

History of the genus 

The genus Eupelmella was first erected by Moore in 1919 and named 
Eupdmus degeeri Dalman as the genotype. As seen from available literature 
the genus appears to be small including so far only two species of economic 
importance, Eupelrnellu vesicularis Retz, and IS. platycleidis Sarra. The 
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PLATE XXXV 



Fkj. 1. Adult f(Miuile ( X 12) 


Fid. 2. Fui. 3. 

(X51)) First sta^e larva 
(XlO) 



Ftg. 4. 

Fiill-«irown larva 
(XlO) 




Fid. 6. Pupu (vcMitral view) 

(X12) 


[ E|) — (‘pistorna : Hyp. -Iiypostoma ; l.M.S. — inlerior mandibular strut ; l.br -lalaum; PI. phuirostoma ; 
S.M.S.— siijierior niandibulnr strut , Md.=^iuandible . M\p. maxillary jialp ; Mdti - Maiulibular groove; 
Lbp — labial ])alp , Tent —tentorium. Sal. d. =Salu ary duet 
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latter species is com])aratively of minor importance since it lias been recorded 
only as a parasite of the Tettigoniid — Metrioptora grisea F. in Italy [Sarra, 
1934], The other species E. vesicnlaris is of considerable imj^ortance as a 
primary parasite of the Hessian fly, Mayelioh dastmctor (Say). I'his species is 
highly polyphagous parasitising as it does a great variety of insectt liosts re- 
presenting diverse insect orders. The distribution of the species, however, 
is limited to Europe and North America. According to Dr Ferriere^?. ]>eda- 
toria is the first known oriental species of the genus Enpelmella, He also adds 
that there is the possibility of some species described in Eu'pelmvs Dalm. 
coming under this genus since the differences between the two genera Eupel- 
mm and Eupelmdla have not been fully recognised. It is further pc^inted 
out that this Indian species is specially related to the European E. imdhiPri 
Ruschka, and the North African E. schyzomyiae Masi. 

Distribution 

So far as the present studies go, its distribution is confined to Coimbatore 
and surroundings. Further investigations may very likely disclose its presence 
in other localities in South India. 


Hosts 

The host range of the species appears to be restricted to t'oleoptera and 
Hymeuoy)tera so far as the writer’s limited observations go. In nature, the 
species has been found to parasitise the full-grown grubs of Pempheres infesting 
Cambodia variety of cotton. Occasionally earlier stage grubs are also ovi- 
posited \ipon. It lias also been reared from eggs and early instars of Hypoli- 
XUS grubs boring into stems of amaranthus. There is a single representative 
of the species which has been reared by ]\lr V. Margabandhu from Apion 
grubs boring into a common weed, Corchorus frilocuJaris, found glowing in and 
near cotton fields, in (considering the host range it is of interest to note that 
the species ordinarily exists as a yirimary parasite, but in some cases can take 
up the role of a secondary or hyperparasite. In the course of the present 
studies it has been actually recovered as a hyiierparasite from cotton fields 
on two occasions. First, on August 17, 1937, a newly hatched larva vas taken 
feeding externally on a mature Eulophid larva — Eudents jjemiyheriphila 
(Ramakrishna and Mani) — which is a primary parasite of Pemj)heres grubs. 
The parasite was again collected on the 24th of the same month as a small 
larva feeding on Euderus pupa. In laboratory trials it was found that no 
liosts other than Pempheres grubs were accepted for ovijiosition. Hypolixus 
grubs, Euderus larvae and pupae and various stages of other parasites, like 
Dinmmns coimbatorensis Ferr., etc. were supplied in cotton stalks and cajj- 
Hules for oviposition trials but with negative results. As seen in nature and 
from its ready aci^eptance of Pempheres in cages for oviposition and develojv 
ment it may be inferred that the stem weevil is its natural and normal host in 
South India. 


Breeding technique 

Oviposition experiments were conducted in ordinary 0 in.x 1 in. cotton 
plugged tubes with a daily supply of suitable host stages and food in the shape 
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of raisin or sugar or honey solution. The stages were safely lodged in artificial 
cells scooped out in fresh cotton stalks covered with a lid of thin bark and 
fastened by fine cotton threads. These stems were removed daily or as often 
as necessary and examined under a binocular. Development was studied in 
small gelatin capsules or parafiin cells into which parasitised stages were trans- 
ferred to facilitate observations under a binocular. The rearing experiments 
were carried out in the laboratory at the Cotton Breeding Station during 
the period of July to December 1937. The temperature and humidity condi- 
tions of the period are graphically represented in Figs. 1-3. 

PrE-OVIPOSITION PERIOD 

The newly emerged adult female pays little or no attention to the host 
for about a minimum of seven days after emergence. During this period it 
either rests or feeds on the food supplies in the form of sugar solution or raisin 
and seldom interests itself in the loaded stalk supplied. This period was pro- 
longed in some cases to a maximum of fourteen days as seen from the recorded 
data. The period averaged 9 • 5 days for six observed adults in the season 
August to December. A certain proportion of females was seen not to ovi- 
posit at all. Out of a series of twelve trials as many as six females, in spite oi 
a prolonged life, failed to oviposit in laboratory trials, probably due to defec- 
tive nourishment during their growing period. 



Fta. 1. Temperature and humidity curve 1937-38 (average miniiuum) 



Tomporature Temperature 
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Fjg. 2. Temperature and humidity curve, 1937*38 (average maximum) 



Humidity 

Fio. 3. Temperatuie and humidity curve, 1937-38 (average mean) 
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OVIPOSITION 

When ready to oviposit the female was seen to spend considerable time 
wandering slowly over the loaded stalk continuously testing it with its antennae, 
legs and tip of ovipositor. The antennae are seen directed forwards and down- 
wards and are kejrt in constant vibration all the time. The parasite not 
infrequently strays away from the stalk only to return sooner or later to explore 
the same. After such scrutiny and apparently locating a mobile host grub 
inside the stem, the abdomen is lowered and the ovipositor is thrust through 
the bark or through the artificial slit in the stem and the same is driven deep 
to its entire length. Apparently an egg was laid and the parasite usually 
wandered away from the spot and no attempt at laying a second egg on the 
same spot was normally observed. The process of oviposition occupied only 
a few minutes. Generally oviposition takes place during the day and occa- 
sionally during nights. In captivity the parasites deposited normally one egg 
per host save in a solitary instance when two were placed in the same celL 
The maximum i)er day also did not exceed this number. 

Egg-laying period 

The duration of the egg-laying period averaged 7 • 6 days with a maximum 
of sixteen days for six individuals observed. Oviposition was very irregular 
and at varying intervals extending up to a maximum of seven days, 'fhorc 
was always a distinct post-oviposition period as may be seen from the data 
gathered. This period ranged from two to twenty-nine days averaging 12-3 
days for six observed cases. 

Condition ok host and position ok ego 

While playing the part of a primary parasite, the host selected for ovi- 
positiou was invariably a medium-sized or a full-grown PewpAeres grub. In 
a series of trials with other stages, such as prepupae and i)upae, no oviposition 
took place. In the case of Hypolixns host, the earlier instar grubs were seen 
to be preferred in nature. 'I’he size of the host apparently forms an important 
criterion in its choitic. The host grubs are seldom noted to be completely 
paralysed. In almost all cases the host was rendered only partially inactive 
by stinging, and in (sonsecjuence the egg dejK)sited may often be found dislodged 
in the host tunnel. Normally the eggs arc placed loosely without any sort 
of attachment on any part ot the host bo(iy. Not infrequently these arc 
found deposited in the host tunnel amid excreta and frass. In such cases 
the larva on hatching moves about (jjuickly in search of the host which it may 
or may not encounter in the vicinity. A small proportion of host stages was 
merely partially paralysed without any dej)osition of eggs. As many as 
thirty-four stages were rendered partially inactive by a lot often females unac- 
companied by actual oviposition. It works up to an average of 3-3 stages 
per female. 

Egy {Plate , fig. 2 ). — The dimensions of the egg vary greatly in 

accordance with the size of the ovipositing adult. It varies in length from 
0-40 mm. to 0-47 mm. averaging 0-45 mm. for five eggs and in width from 
0*11 mm. to 0-275 mm. averaging 0-18 mm. The eggs are white in colour 
with a shining, smooth, polished surface. They are stalked and ellipsoidal in 
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form with two proceHses at the poles — a large tubular hollow j>edicel at 
cephalic end measuring 0*35 mm., i.e. approximately two-thirds of the length 
of the egg and a thin hair like flagellum often irregularly bent or twisted at the 
caudal end measuring ()• 18 mm, roughly equal to the width of the egg. The 
pedicel is usually folded back along the sides of the egg but may be bent or 
twisted slightly in various ways. 


Incubation 

The incubation period ranged from a minimum of one day to a maximum 
of two days averaging thirty-nine hours for ten eggs during the season July to 
November 1937. There occurs no appreciable change in colour before hatcli- 
ing except that the thin chorion shrinks to some extent. Prior to hatching the 
dark brown curved sharp mandibles of the embryo work at the cephalic end 
near the base of the pedicel. In about ten minutes a breach is effected in the 
chorion through which the larval head is protruded. The larva emerges slowly 
taking about forty-five minutes to one hour for completing the process. 

Immature stages 

1st stage larm {Plat XXXV, fig> 3 ), — The newly hatched larva is trans- 
lucent white and somewhat flattened and spindle shaped. It is widest in the 
middle, tapeiing acutely at the abdominal tip. The head has a slight tinge 
of yellow and is more (jhitinised. It is convex in shape and bluntly pointed 
anteriorly. It bears a pair of minut/e distinct antenae. The mandibles are 
dark brown, sickle shaj)ed and strong. Length varies from 0*.51 mm. to 
0-70 mm. averaging 0-62 mm. for five individuals; the width varies from 
0*15 mm. to 0-33 mm. averaging 0*22 mm. ; the width of the head averages 
0'19 inm. The head is followed by thirteen well -delineated segments with 
long sensory hairs. The latter are arranged in two rt)ws — dorso-lateral and 
lateral row s on either side of the median line. The hairs, particularly the lateral 
ones, on the first two segments are the longest, being nearly 2i times as long 
as the rest. The ])rimary larvae are often hatched at a distance from hosts 
and have to wander about in their search. Not infre(|iiently the host grub 
itself being only partially paralysed may have migrated in the stem to a dis- 
tance. In s|)ite of the active search, some larvae might fail to reach the Jjost 
and perish. The moinent it approaches a host, it takes a strong liold on the 
cuticle by its sharp curved mandibles and begins to imbibe food by energetic 
suction. The host grub wriggles violently and tries to dislodge the parasite 
but the latter j)ersists in clinging to its hold. In a few' moments the host is 
rendered helpless and passive, probably by the injection of a toxin by the bite 
of the parasite. The parasite continues feeding vigorously and the stomach is 
seen coloured by its contents. The first moult of the larva has been observed 
in a few'^ cases and takes place within about sixteen lu)urs after hatching. 

2nd stage larva, — Tlu? larva is glassy white in this stage except for the cream- 
coloured stomach. It is less flattened and more rounded in form save at the 
head. The sensorial hairs are much shorter and less conspicuous. The.se 
hairs are all of equal length. Average length 1* 10 mm. ; average width 0-41 
mm. and head 0-26 mm. 
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3rd stage larva . — ^This stage is more or less similar to the previous one ex- 
cept in size. The mandibles are straight and pointed. Average length 1*66 
mm., average width 0-50 mm. and head 0*30 mm. 

4^ stage larva . — ^The general aspect is seen to be slightly changed at this 
stage. The head has become more chitinised and browmish. The mandibles 
have approximately become triangular. The body is shorter and has become 
dirty white in colour. It is less active and makes wriggling movements 
anchored on its head. Average length 2*3 mm., average width 0*65 mm. 
and head 0*40 mm. 

5th stage or fuU-grown larva (Plate XXXV, fig. 4 ). — ^This stage is distinctly 
different in form and colour from the prece^g ones. 

Length varied from 3*52 mm. to 4*75 mm. averaging 4*03 mm. 

Width varied from 0*90 mm. to 1*43 mm. averaging 1*22 mm. 

Head varied from 0*42 mm. to 0*74 mm. averaging 0*53 mm. for 
four larvae. 

The general colour htis turned to dirty grey. The form has become more 
rounded and stout in the middle with tapering extremities. Head (Plate 
XXX V, fig. 5) is convex and short having a pair of cylindrical unjointed 
antennae and four long setae. The mandibles are dark browm, heavily chiti- 
nised and triangular with upper and lower articular processes. The labrum 
is heavily chitinised in the centre and is coloured dark brown bearing four 
to seven teeth-like denticles on its ventral aspect. The maxillae are trans- 
parent and inconspicuous bearing a pair of tubercles representing maxillary 
palps. The labium is also thin and possesses a pair of palp-like projections. 
The body segmentations are distinct having seven longitudinal rows of long 
setae along dorsal and lateral aspects. Two of these rows are incomplete and 
extend only tiU sixth segment. The spiracles numbering nine are open and 
clear at this stage. The larva, in general, is dull and sluggish. 

Larval life after hatching . — ^The newly hatched larva makes rapid move- 
ments in a looping manner by using its mandibles and abdominal tip. It often 
stands anchored oii its head with the rest of the body being raised and swayed 
in the air in a circle. In about two days the host-grub is killed. By the time it 
gets full grown nothing remains of the host except its hard head capsule and 
empty collapsed cuticle. It moves away from the host-remains and enters 
the prepupal stage. Never more than one adult developed from a single host 
even though two or more eggs or larvae were artificially left on the same host 
The developing adults from ill-fed larvae are all under- sized and seldom ovi- 
posit. The larval period varied from five to fourteen days averaging 8*3 
days for nine individuals. 

Prepupa . — The full-grown larva, after voiding the meconium in the form 
of a small heap of brownish pellets at the caudal end, enters the prepupal 
stage. The prepupa is ivory white in colour and is contracted very much 
in size. The size varied within a wide range but averaged 3*6 mm. in length 
and 1 * 30 mm. in width for four individuals. It is capable of slight movements 
when disturbed. It is seen slightly wrinkled and folded in the thoracic region. 
The duration of this stage varied from one to three days averaging two days 
for eleven individuals after the discharge of the last meoonial pellet. 
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Pupa (Plate XXXV, fig. 6). — The newly formed pupa is yellowish white. 
It becomes light brown on the second day and turns deep leathery brown in 
about two days. Soon after, the eyes and antennae become darkened and 
still later the entire head and thorax turn dark. Gradually the rest of the 
body also assumes this colour. It is in shape slightly convex on the dorsal sur- 
face with the head slightly broader than the body. The size varied greatly 
but averaged 3*27 mm. in length and 1-1 mm. in width for four individuals. 
The duration of the pupal period varied from six to twenty days averaging 
10*4 days for ten individuals during the season July 1937 to March 1938. 

Emergence of the adult . — ^The pupal covering of the head region breaks 
transversely at the neck region and the same is pushed forward as a cap 
to begin with. The rest of the pupal skin splits along the sides from the thorax 
as far as the middle of the abdomen, dividing it into dorsal and ventral halves. 
The shining bluish dark adult emerges by pushing itself forward leaving the 
empty pupal skin behind. The entire process of emergence occupies about 
twenty to thirty minutes. Ultimately it emerges from the host tunnel to the 
outer world by gnawing a minute aperture through the bark. 

Life-cycle and seasonal history 

Since July 1937 when it was first discovered as a parasite of Pempheres, 
laboratory rearings have been conducted till the end of the year. The species 
has been again met with in February-March 1938 in small numbers in the 
seasonal crop. Full details on the duration of the total life-cycle periods of 
a few are furnished in the following table. Data on the rearings of other 
specimens have been omitted since the records are incomplete in some respects. 


Incubation 

period 

Larval 

period 

Prepupal 

period 

Pupal 

period 

Total ^ 

life -cycle 

Sex 

(days) 

(days) 

(days) 

(days) 

(days) 

' i 


2 

7 

1 

7 

5 1 

17 

Female 

2 1 

5 

1 

11 

19 


2 

9 

3 

9 

23 

1 

1 »> 

1 

8 

1 

11 

21 

*» 

H 

8 

2 

12 

23* 

1 ‘ 

>» 


The total life-cycle period got prolonged from seventeen days in July to 23^ 
days in November and averaged 20-7 days during the period for five indivi- 
duals. With the approach of the cold season when the temperature goes down 
accompanied by a comparative rise in humidity, the duration of the develop- 
mental instars is found to be prolonged. The duration of the life-cycle period 
was found to be shortened to some extent (occupying roughly 16| days) 
when the species functioned as a secondary parasite on Eulophid pupa. As 
a primary parasite on the other host, Hypolixua grubs, the life-cycle covered 
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roughly 17 J days. The life-cycle period is seen to be still further shortened 
when it parasitises Hypolixm eggs. Roughly it is seen to cover fourteen to 
fifteen days with one or two days as egg, five or six days as larva and six to 
seven days as prepupa and pupa. Even though the data available are ad- 
mittedly meagre it may be concluded that the period shows appreciable 
variation not only with the season but also according to the nature of the hosts 
on which the parasites develop. Considering the period occupied by the host 
for completing one generation, it may be evident that the parasite can easily 
have two to three generations for one of the host. Further, since the host 
generations are uneven and overlapping, the parasite has chance to breed 
continuously. 


Hyperparasitism 

The species is usually a j)rimary parasite and its typical or normal host 
appears to be Pempharcs grui)s. It has been also noted to parasitise occasional- 
ly a few other stem-boring weevils. Its activities are not always an unmixed 
blessing since it has been also definitely noted to play the part of a secondary 
at times. On two occasions it has been actually taken as a hyperparasite on 
larva and puj)a of the Eulophid — Eude/rus pempheriphiln — ^which is an ecto- 
phagous i)rimary parasite of Pemj)hereH. It is not possible to say whether 
the parasite shows any distinct ])reference to weevil grubs. There is consider- 
able justification in concluding that the species may assume the role of a second- 
ary probably on occasions when primaries occur in abundance and become 
easily accessible. 


Habits op the adult parasite 

McCJonncll [10181 has recorded that an allied species E, vesicvlaris is 
fond of feeding on the body fluids of the host from the punctures made during 
oviposition. The writer, despite continuous and careful observations, has 
not seen this phenomenon in tliis speedes. The habit of stinging and paralys- 
ing a number of host grubs unaccom])anied by egg deposition lends support 
to the idea tliat it attacks these probably for purposes of feeding. This 
diet, however, is not apparently essential for reproduction of the s])ecies. 
The parasite feeds with considerable I’clish on sweet liquids or raisin and its 
longevity is considerably increased by this diet. The parasite is very active 
though devoid of functional wdngs. They can run rapidly in cages and can 
take sudden and long lea])s in quick succession. The hind limbs and the general 
build of the parasite are considerably adapted for easy 2>erformance of this 
function. The sjiecies is distinctly 2 )h(»totropic and always travels by leaps 
away from the shaded j)ortions of <‘ages* 

Longevity 

In the course of the breeding trials some data have been secured. The 
longevity ranged from a minimum of six days to a maximum of forty-seven 
days averaging 19-7 days for twelve individuals. It may also be seen that their 
life is considerably prolonged in the cooler months of October, November 
and December. 
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Thblyotoky 

The reproduction of the species is characterised by thelyotokous par*" 
thenogenesis. From field collections the parasite has been recovered in various 
developmental stages and these have invariably developed into adults of* female 
sex only. Very nearly three generations of the species liave been reared in 
the laboratory without the appearance of a single male. It looks as if males 
are unknown in the s|)ecies ; probably they do not exist,; and that rejmxluctioii 
is always thelyotokous. A proportion among the progeny was found to be 
incapable of oviposition but this may be due to defective nourishment in the 
early instars. 

Thelyotokous reproduction lias been noted in a few instances in parasitic; 
Hymenoptera. Vance [1931] found it to be of (*ommon oc'currence in Ajyan- 
teles thornpsoni Lyle. Diriocampua terminatus Nees is another Jiraconid that 
reproduces in the same manner. A few other species where the j)henomenon 
is common have been recorded. A great majority of such s])ecies belong 
to Chalcidoidea. Among these may be mentioned Thripoclenus rti^fielU 
Crawford — an internal parasite of thrips, AchrysopojfhuguH modesins Timber- 
lake, Goccophagus modestus Silv., an Aphid parasite Ajjhelinas jiictnidu^s (;}ahan 
and the allied species Eupelmella vesicularis Retz. a parasite of the Hessian 
fly. A few, namely, Hemiieles longicawda Thoms, IlemiteU^s tenelliiH Sa> . 
Netmriiis canescens Cravenh, come under Ichneumonidae. Doner !193()j 
has recorded two species of parasites of Coleophora pruniella which are thclyo- 
tokous, namely Hemitdes tenellus and Eupelmella vesiculari/^. 

Apparently this method of reproduction is of considerable advantage 
to the species for its rapid multiplication. Reproduction has not got to depend 
on chances of mating with males. The entire progeny being females, the 
species has the potentiality of a rajiid increase in numbers within a few genera- 
tions. So far as the present brief studms go, this species has not been observed 
to be inucdi affected by the ajiparent advantages of thelyot(>k\. TIuue has 
been no great rapidity in its multiplication, very probably l)r()nglit about b v' 
defectiv^c nourishment in the feeding instars in rearings in captivitx. 

Economic importance 

The evaluation of the action of a parasite is extremely ditlicult and r(;- 
quires a great tleal of careful and prolonged investigation. The jiarasite has 
been encountered only quite recently and its economic j)ossibilities have 
not been sufficiently explored. These have not occurred in such numbers 
in the fields as to be of any great significance in the control of the ])est. It 
is a primary parasite which can multiply by thelyotoky. It destroys more 
hosts than actually oviposited upon. These qualities certainly make for 
efficiency. On the other hand, their poor rate of oviposition, compara- 
tively prolonged life-cycle period in certain seasons and tendency to play the 
role of a hyperparasite greatly detract from its economic value. The parasite, 
however, is of considerable scientific importance because of its unique dis- 
tribution and polyphagous instincts. 
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Introduction 

A GOOD deal of confusion prevails in the identification of moth borers of 
sugarcane, viz. : — 

1. Argyria siicticraspis Hmpsn. 

2. Diatraea auricilia Ddgn. 

3. Diatraea venosata Wlk. 

4. Chilo zonellus Swinh. 

The larvae, pupae and moths are so similar in their general colouration that 
it becomes difficult to say which is which. Tlie larvae possess four to five 
violet stripes with dark grey tubercles studded over them. These tubercles 
change their colour due to seasonal and sexual dimorphism which makes their 
identification still more difficult. For this reason it is desirable to have full 
descriptions of adults, pupae and larvae along w ith their habits and life histories 
which wiU render the identification easier. The description of Argyria tvmi- 
dicostalis Hmpsn., the striped borer of Bengal, has been left out as the author 
did not come across this borer either in North Bihar or in West United 
Provinces. 


Historical 

Mukerji [1857] described the borer as 'dhosah^ from Bengal. Cotes 
[1889] named it Diatraea saccharalis Fabr. Hampson [1898] merged it 
erroneously with the sorghum borer which he determined as Chilo simplex 
Butler. It was Maxwell Lefroy [1906] who indicated that the said species 
was different from Chilo simplex and named it as Diatraea auricilia I)dgn. 
He asserted that Diatraea saccharalis Fabr. did not occur in India. Its true 
position was brought to light in 1926 when T. Bainbrigge Fletcher compared 
the Indian species of Diatraea auricilia (Proceeding III Ent. Meeting, 
Vol. I, p. 387, pi, 48 and 49, fig. 1) with Dudgeon’s Diatraea auricilia 
in the British Museum and established that it was Argyria siicticraspis Hmpsn. 
At the same time the name Chilo simplex Butler was discarded in favour of 
Chilo zonellus Swinh. This information indicates that the moth borer sketched 
by Cotes [1889] in Indian Museum Notes'Sfol. 1, No. 1, pi. 2, figs. 2 (a &. b) and 
DQ^med as Diatraea saccharalis Fabr. was I'eally Argyria siicticraspis Hmpsn. 
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In some of the recent publications the generic name of sticticraspis 
Hmpsn. has been changed from Argyria to Diatrcea. The matter was enquired 
from the Imperial Institute of Entomology, London. Sir Guy A. K. 
Marshall’s remarks of 28 July 1938 on the present position of Argyria are 
quoted : — 

‘ In the British Museum collection this insect stands under the genus 
Argyria. but there is a note added to the series to the effect that 
the species really belongs to the genus Diatraea. This note was put 
in the collection by Mr T. Bainbrigge Fletcher, and it is as a result 
of this note that wc have sent out the species under Diairaea, I 
have now consulted Mr Tams on the subject and he informs me 
that he does not agree with Mr Fletcher’s opinion. Unfortunately 
the genus Argyria as constituted by Hampson is in very great 
confusion, and an extensive revision will be necessary before the 
species w^hich really belong to it can be ascertained. For the 
present, however, Mr Tams suggests that sticticraspis should be 
retained in the genus Argyria\ 

Occurrence and distribution 

Argyria sticticraspis Hmpsn. occurs in sugarcane during the hot weather 
of April, May and June when the crop is young. Its activity goes down with 
the breaking of monsoon rains. The borer is fond of shoots and has not been 
observed to do severe damage to cane stalks in these parts. Diatraea auricilia 
Ddgn. and Diatraea venosata Wlk. attack the grown-up canes during rains and 
continue their ravages till hibernation sets in in November. Chilo zonellus 
Swinh. is not really a pest of sugarcane. It has been found to occur in only 
those cane fields which arc in the neighbourhood of borer-infested fields of 
maize (Zea Mays) or jvar (Andropogon sorghvrn). In all these cases the borer 
injurj^ can be detected by the drying up of the central leaf sheath commonly 
known as ‘ dead heart 

Chdtivators do not differentiate between different species of borers but 
designate them according 1o tlieir colour, habits or the effects they produce on 
the crop. They are locally known as gorann in the Punjab, dhosah and 
majera in Bengal, phankala lansua and pihlca in the United Provinces. 
These names in the languages of the provinces indicate that some of these 
borer species are present practically all over the sugarcane tract of northern 
India. 


Morphology 


(1) Argyria sticticraspis Hmpsn. 


Adult 

Female — Wing expanse 23 to 35 mm., colouration of female as given by 
Hampson [1919] is noted below : — 

‘ Head and thorax greyish ochraceous suffused with red brown ; palpi 
irrorated with dark-brown ; abdomen greyish ochreous with rufous 
at base of dorsum ; pectus, legs and ventral surface of abdomen 
tinged white with ochreous brown. Fore- wings greyish ochreous 
suffused with red brown. The cell and area just below and beyond 
it irrorated with darker red brown ; a curved post medi^tl series 
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of small red brown spots in the inter-spaces from below costa to 
vein 1 ; a t erminal series of minute black spots defined on inner 
side by slight white spots ; cilia with slight red brown lines near 
base and at middle. Hind wings pure white, underside of fore-wing 
tinged with rufous. 

The females in the author’s collection do not exactly agree with the des- 
cription reproduced above. The post-medial series of brown spots is absent. 
In the inter-spaces from below costa to Aj instead of these spots there is an 
ochreous streak without red-brown. Two dark spots between and Ouj 
behind the cell, another at the angle of the cell. 

Male — Wing expanse from 19 to 26 mm. Head and thorax ochreous red 
brown ; antennae ringed black and white, palpi ochreous mixed with dark 
brown. Tibiae of 1 st thoracic leg greyish ochreous, rest white red brown. 
Fore-wing pale red brown mixed with whitish and irrorated with blackish along 
the median nervure. Dark brown scales in front, behind and in the cell in 
the anterior median area. A black patch in front of the cell defined on outer 
side with a whitish spot. The area between marginal and submarginal dots 
dark brown with streaks as in the female. Hind wings ochreous ventrally in 
front of the cell. 

Hampson did not describe the male of Argyria sticticraspis but has given 
the description of nmle of Argyria coniarta, a separate species, of which he did 
not describe the female. The description given above for the male of Argyria 
sticticraspis agrees with the male of Argyria coviarta Hmpsn. The descTiption 
given by Hampson for the female of Argyria sticticraspis docs not tally with 
the description of females in my collection. It thus ap])eavs that Argyria 
sticticraspis and Argyria coniarta are not two different s])ccies but have been 
separated on individual description of female in the former case and male in 
the latter of the same species. 

Head . — Front convex in eitlier sex. A well-defined epi(*ranial suture be- 
tween the two antenna 3 . Length of head shield greater than the breadth. Ocelli 
on protuberances behind the antennae. Antenna^ lamellate and fiat in males 
and filiform in females. Scape large and swollen, pedical short and rounded, 
joints of funicle in male increase in width distally and shorten at the tip. Forty- 
one joints in both sexes. Internally every joint bears two big ciliated scales. 
Labrum is scaleless. 

Thorax . — Patagia paired narrow transeverse plates closely opposed to the 
anterior end of the thorax. Well developed tegulsc covered with dense hairy 
scales. Prothoracic sclerite narrow, meso-scutiim broad Avith a longtitu- 
dinal suture and meso-scutellum diamond shaped ; meta-scutum narrou in 
the middle and extended laterally with meta-scutellum extending far behind 
over the first abdominal segment. 

Wing-venation (Plate XXXVI, fig, 1). — Fore-wing: (Nomemlatiire after 
Comstock and Needham). Sc. well developed, se])arate and unbranched. Rj 
from middle of the cell, Ro and the stalk of R.^ and R 4 from before the angle of 
the cell. The stalk longer than either R. or R 4 . R. from apex of the cell. 
Ml is discocellular originating from the angle of the cell. Its point of origin 
nearer to Rg than M.. M 2 and arise from the cell in close proximity but 
are not fused. The cross vein PTV which closes the cell distally is fine but 
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prominent. It is curved inward to form an angle which is not sharply defined. 
The two branches of Cu^ are present. Cuj absent. CU|a from before the 
lower angle of the cell and Cuib from the middle of the cell. Aj is present 
but A, is rudimentary. Ri, Rg, Mj, Mg, Mg, Cuga, CUgb, and Ag are 
equidistant with each other on the margin of the wing. 

Hind wing : Sc. -f- Rj and Rs. arising free but anastomosing closely 
beyond the cell to diverge again into Sc. 4- Ri and Rs. Mj from Rs. before its 
fusion with Sc. H-Rj. The cross vein PTV is finer than that of the fore-wing 
and angle PTV is less than a right angle. The area of the cell is reduced due to 
drawing in of the cross-vein towards the base of the wing. Mg and M, in a 
common stalk from the lower angle of the cell and diverge later into 
Mg and Mg. Cuga from near the angle of the cell and Cugb from the middle of 
the cell. Aj, Aj, Aj present. Frenulum consists of a single stout spine in 
males and of four spines in females. 

Legs. — A pair of spurs on tibia of the first and second, and two pairs of 
spurs on the tibia of the third pairs of legs. Each leg has five tarsi, every 
joint of which bears a pair of spines. Claw is composed of paired ungus with 
pulvillus between. Ungus notched to give rise to a pair of spines. 

Abdomen. — ^First abdominal segment is reduced being merged with that of 
meta-thorax ; sternum of second abdominal segment bears a pair of tympana. 
Segments 9th and 10th are modified to form genitalia in both the sexes. 

Female genitalia {terminology after Buack and Heinrich). — ^Internal: 
They consist of ovaries, oviduct, collateral and accessory glands, their 
ducts and sperm-ducts. The ovaries consist of four ovarioles on each side 
extending from first to sixth abdominal segments. They are much con- 
voluted in their course and fill the whole of the abdomen in freshly emerged 
specimens. Oviduct is formed by the two groups of four ovarioles from each 
side to open on the ovipositer. Collateral gland is of a small size and commu- 
nicates with the oviduct. Below, the oviduct receives the sperm-duct from 
ductus bursae. The sperm-duct joins the oviduct on the ventral surface near 
the junction of the collateral gland. Receptacula seminalis lies above the angle 
of the junction of ovarioles. A pair of accessory glands milk-white in colour 
and full of chalky material open into the oviduct in the ninth abdominal 
segment. The two glands communicate with each other below the rectum. 

External : Ovipositor is a chitinous oval ring profusely studded with seta? 
and bristles. The ring is supported by chitinous stylets. The genital opening 
or the opening of bursa copulatrixlies on the ventral surface of the eighth 
abdom’nal segment on a heavily chitinised plate. Bursa copulatrix is provid- 
ed with a star-shaped crystal — the signum. 

Male genitalia. — Internal : Testes are in the form of a single dorso- 
ventrally flattened, round disc of a light yellowish green colour. Two vasa- 
deferentia (v. d.) arise posteriorly and after a short distance enlarge into two 
pearl-shaped pouches — ^the vesicula seminalis (v. s.) afterwards getting narrower 
to open into the accessory glands. The latter are paired tubes closely 
approximated together and are full of chalk-like material. They get 
considerably prolonged anteriorly in a thread-like form. Posteriorly they 
unite to form the ejaculatory duct which opens on the adeagus afte^ a m^ch 
Qonvoluted course. 
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External (Plate, XXXVIl, figs. 1 & 2) : Vinculum (vm) flat, heavily 
chitinised and enlarged ventrally. Anellus suiTounds the adeagus partially, 
tluxta bilobed and closely applied to adeagus ventraUy. It is canaliculus. 
Adeagus slightly bent with blind sac produced posteriorly beyond the entrance 
of ductus ejaculatorious. Penis curved and sword shaped with cornutii 
present. Harpes hinged within the vinculum, simple wing-like, triangular 
and divided but without any basal lobes. Tegumen broad at the place of 
articulation with gnathos. Uncus single, massive and triangular. Gnathos 
hook-like forming achsela with uncus. 

Pupa 

Elongated, slender from deep to dark brown in colour, measuring approxi- 
mately 13 mm. in males and 17 mm. in females. The integument is transparent 
in newly formed pupae and development of the imago can be observed. 

Head . — Pair of frontal setae on fronto-clypeal region which is flat ventrally. 
Pilifers and maxillary palpi present. Eyes promixally sculptured and distally 
glazed ; large in males than in females. Labrum well differentiated with a 
prominent notch. Front laterally extended into projections over the eyes. 

Thorax, — Mid-dorsal ridge extending from prothoracic to meta-thoracic 
terga. Pronotum narrow and rough with a spine on each side of the ridge. 
Mesonotum very wide ; mesoscutellum not differentiated. Wings extend beyond 
the ventral half of the fourth abdominal segment. Wing suture is not defined 
on the mesonotum. Anteriorly the margin is raised in the form of a semi- 
lunar curve which possesses a metallic lustre. Mesothoraci(? legs do not reach 
the ventral margin of the wings. Meta-thoracic appendages extend beyond the 
wings. 

Abdomen . — First four abdominal segments are free dorsally while hidden 
below by the integument of the wings. A pair of setae of the anterior trapezoid 
warts persist on all the abdominal segments as short brown spines. First pair 
of abdominal spiracles absent; present on second to seventh abdominal segments 
on raised projections. Eighth abdominal spiracle atropliied but its situation 
visible. Ventrally the impression of the prolegs is left on the fifth and sixth 
abdominal segments. Dorsal surface of fifth, sixth and seventh segments bear 
ridges. They lie in the anterior half of each segment between tlie lateral 
spiracles of the two sides. They encircle the seventh abdominal segment and 
their sharp projections are directed backward. The dorsal half of the tenth 
abdominal segment possesses four spines directed towards the posterior. 

Genital openings . — The male genital opening lies on the sternum of the 
ninth abdominal segment. It is in the form of a fine slit lying between two 
raised projections. The female genital opening lies ventrally on the eighth 
abdominal segment in the form of a narrow longitudinal dark brow n slit. 

Larva 

FuU-grown larvae measure 20 to 25 mm. in length and 4 mm. in breadth, 
cylindrical in shape with a dark brown head directed towards the antei*ior. 
The colour of the body is dirty white with five violet stripes on the dorsal 
surface. The stripes from second thoracic to eighth abdominal segment are 
arranged in the following manner (Fig, 1 ). 
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(1) Single dorsal stripe. 

(2) The two sub-dorsals — one on each side of the dorsal stripe. 

(3) The two laterals — one on each side of the sub-dorsals. 




Fiw. 1. Side and doresl vii w of Argyria stiaicraapis Hmpsn. 

I’he dorsal stripe is central and unpaired and originates from the anterior 
border of the first abdominal segment and extends up to the tubercles on the 
eighth abdominal segment and often beyond it. It is straight and narrow and 
sometimes cannot be made out due to the brown colour of the alimentary canal 
lying below. 

The sub-dorsals and lateral .stripes originate from the meta-thoraoic 
segment and join each other to encircle the eighth abdominal spiracle. The 
lateral stripes are supra-spiraoular in position. 

The body-wall is formed of transparent chii in studded over with dark grey 
tubercles bearing dark brown prominent setae. The grey colour of the tubercles 
disappears in some of the mature larvae before July and in all after July. With 
colourless tubercles and deep violet stripes the larvae pass on to hibernate in 
winter. 

Spiracles are oval in outline having a jet black rim with a clear space 
within. They are in nine pairs, viz. one on each side of first thoracic and others 
on the first to eighth abdominal segments. The last is the largest and more 
dorsally placed. The opening is guarded by several rows of filaments gradually 
increasing in size towards the interior. These ribbon-like filaments are provid- 
ed with minute fibriUse. 

Larval details and chaetotaxy 

The head is deep brown in colour becoming darker anteriorly. It is 
spherical in outline bulging in the posterior region and getting trapozoidal and 
dorso-ventrally flattened anteriorly which brings the mouth-parts on a level 
with the ground. 

Head capsule . — Each epicranial plate bears six ocelli, four of which 
lie in an arc on the lateral margin while two are more ventrally situated. 
First ocellus is the largest while the third and fourth are smaller than others 
and lie approximated. 

There are thirteen setae and eight punctures besides the ultra-posterior 
group of setae and punctures. Dyar and Heinrich [1927] nomenclature for 
setae and punctures has been followed. 

The anterior setae A^, A, and A, do not form exactly a light angle as they 
do in Diatraea saccharalia as described by Halloway and Loftin [1919], but lie 
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in an angle greater than a right angle. The distance between and Ag is less 
than Ag and A,. Puncture Aa posterior to Ag and in a line with Aj and Ag. 
Posterior seta*, P^ and Pg and puncture Pa parallel with the longitudinal ridge 
LR. Pi in a line with adfrontal seta Adfj and Pa with the puncture Adfa, 
Pg more approximated to Pa than Pg. 

Ocellar setae Oj, Og and O3 are well separated. Oi lies below and between 
the in and IV ocelli and is shortest of the group. Og biggest and nearer to 
ocellus I than VI. O3 latero-posterad of ocellus VI with puncture Oa between ; 
Oa more approximated to ocellus VI than O3. Punctures Ob and Oc lie anterior 
and approximated to ocelli IV and V respectively. 

Sub-ocellar setae Soj, SOg and S03 are situated venirally in a triangular 
formation. Soj in the ventral angle behind the antenna. Sog approximated 
to ocelli V and VI. S03 far removed, with puncture Soa between Sog and S03. 

Lateral seta Lj on the gena in a line with P^. Puncture Pb between Lj 
and Pi but more approximated to Li. Puncture La posterior to seta Li- 
Genal puncture Ga and seta Gj on ventral aspect in a line v ith cardo. The 
group of ultra-posterior setao and puncture (x) lie posteriorly ver}' much appro- 
ximated to each other. 

Frontal puncture Fa almost touching each other with frontal seta Fj 
far behind situated latero-posteriorly. The frontal punctures are well separated 
in Diatraea sdccharalis, 

Adfrontal sclerites bear two minute setae and one puncture on each side. 
Distance between frontal seta Fj to adfrontal seta Adfi is more than the 
distance between Adfi and Adfg. Seta Adfg lies in the angle made by tlu* 
adfrontal suture with the longitudinal ridge ; puncture Adfa nearer to Adfg 
than Adfi. Cylpeus carries a pair of setae Ei and E.^ on each side. The. 
third segment of antenna bears a shaft, a puncture, two spines and two sensor;^ 
cones along with the articulation of fourth joint which carries one sensory cone 
of its own. 

MotUh-parta. — Labrum : An unpaired oblong and flat sclerite with a little 
convexity in the central region, wider than high, free edges rounded and a 
notch in front. Two groups of setae on each side of the notch. Median setae 
Mj, Mg and M3 triangularly arranged. Mg posterio-lateral and closer to M, 
than to M3 which lies far in front. Lateral setae, Laj, Lag and Lag, lie in a 
curve one behind the other on the lateral margin. Lag and M3 on the same 
level. Laj, Lag and Lag equidistant with each other. Setse Lag longest of the 
group. Puncture Ma posterio-lateral to Mg and lies behind in a line with Mj. 

Epipharyngeal shield is closely applied to labrum above and possesses two 
sets of sensory cones. The first set ET lies in a triangular formation in the 
space below and between the median and lateral groups of setae of the labrum . 
The other set consists of four sensory papillae EP lying in a rectangular forma- 
tion — ^two in front and two behind the seta Mg. Epipharyngeal rods are 
indicated by the posterior projections. 

Mandibles : Each mandible bears six protuberances in the form of 
teeth— two of which are conical while others have a spherical or pointed 
appearance. Each mandible bears one small (i) and one large (ii) seta. 

Labium : Ring shaped composed of three sclerites. First bears a pair of 
labial setse, second forms a semi-circle at the base of the palp and carries three 



illE INDlAJSi journal Ot" AGRlCULtUtlAL SOIRNCR [X 

pairs of punctures, two on eacii side of labial sets© and one on each side of the 
spinning tube. The third piece forms the spinnerat. 

Maxillae : The maxillae are fused with the labium at the base but are 
free at the tip. Cardo forms the base. It is heavily chitinised and glove- 
shaped. Stipes bears two chitinised rings of the palpus having a spine on each 
with two lobes at the top. One is the maxillary palp and is two- jointed. The 
other is the maxilla projjer ending in small sensory cones. 

Mentum is triangular and lightly chitinised. It bears a pair of prominent 
setsB directed downwards and foiwards. The paired sclerites lying one on each 
side of the mentum bounded by a part of stipes and cardo laterally constitute 
the submentum. It is formed by two triangular sclerites which are lightly 
chitinised and run with each other np to the posterior limits of the cardo. 

Thorax . — Protlioracic shield covers dorsaUy the major portion of the first 
thoracic segment. It is broad and divided into two equal halves by a mid- 
dorsal longitudinal fissure. It is generally brown but gets dark on the approach 
of a moult and gets yellow when tubercles become colourless. Black pigment 
spots are j)resent all over but they arc more concentrated on the posterior 
border of the shield. It has seven setae and three punctures named after 
Fracker [1915] on each half of the shield. 

Anterior margin has three setae la, Ib and 1 c directed upwards and forward* 
Punctures X and Y adjacent to seta la and puncture Z approximate to Ib. 
The other group of setae lla, 11b and lie are centrally placed. The posterior 
seta P is inconspicuous lying on the j)osterior periphery of the shield. 

Sub-spiracular tubercle is formed by the fusion of the tubercles IV and V 
each having one seta. VI is bisetose, VII multisetose forming the base of the 
leg, VIII is unisetose and lies beyond the leg on the ventral surface. The 
segment is devoid of III tubercle. 

Meso-and meta-thorax resemble each other in tlieir arrangement of the 
setas and punctures. Central dorsal tubercle CDT is bigger on the former than 
on the latter and corresponds with the protlioracic shield of the first thoracic 
segment. The two are devoid of setae but possess brown pigment spots. 

la and Ib of prothoracic shield form a separate tubercle lying anterio- 
lateral of CDT, similarly setae Ha and 11b lie on a separate tubercle. Ill 
is unisetose, IV, V, VI, VII and VIII as on prothorax. Sometimes a small 
tubercle Va is present. When present it is often repeated on first four abdo- 
minal segments. Extra setae Ixa, Ixb and Ixc lie in front of the leg on 
the ventral surface. The small tubercle Xa with a single seta lies on the 
anterior border in front of tubercle la and Ilb. Bisetose tubercle Xcd is pe- 
culiar to these two segments and is not repeated on any other. 

Thoracic leg . — Base is formed by VII tubercle with three prominent 
setas in front, one behind and three facing the mid-ventral line. Leg has 
four segments. First has two setae and two punctures second has a set of 
five to six spines, third has one dorsal and one ventral setae while the fourth 
ends in a hooked claw. 

Abdomen ., — The tubercles la and Ib, Ila and lib have become unisetose 
and lie one behind the other. Thus the four unisetose tubercles of the two 
sides lie in a trapezoid formation and are known as trapezoid tubercles. 
The bases of the setae of the trapezoid tubercles lie at an angle of 60°. Anterior 



STRIPED MOTH.BORERS OF SUGARCANE 


795 


V] 

trapezoid tubercles are spherical while the posterior ones are oval in outline. 
Two to three pigment spots are present anterior to seta T which is bigger than 
the seta II of the post-trapezoids. This trapezoidal arrangement is constant 
up to seventh abdominal segment. Often central dorsal tubercle COT in- 
between the posterior trapezoid fuses with the latter on both sides. Ill is 
unisetose and supra-spiracular in position with a minute seta Ilia in proxi- 
mity. In the segments following the first abdominal segment it gets separated 
from III and lies anterior to spiracle but fuses with III tubercle again on the 
eighth abdominal segment. IV and V are sub-spiracular and persist up to 
ninth abdominal segment. VI is unisetose throughout. VII is trisetose 
from first to sixth abdominal segments forming the leg plate on third, fourth, 
fifth and sixth abdominal segments, bisetose on seventh and unisetose after- 
wards. The only change that happens on the eighth abdominal segment 
is the fusion of the trapezoid tubercles. Tubercle I disappears on the ninth 
abdominal segment. Ill, IV and V fuse to form a bisetose tubercle. Tenth 
abdominal segment has an anal plate with four long setae in each half. 
Pigment spots are present. Base of the clasper has eight setae and one 
puncture. Ventral tubercle VIIT is constant throughout. 

Psevdo-leg . — It is a fleshy conical and retractile projection with round 
and flat apex directed towards the posterior. The sole is provided wdth a series 
of hooks called crochets. The hooks number about forty in adult caterpillars 
and are biordinal in arrangement. The spines are embedded in such a way 
that both the ends are free. They lie in a horse-shoe formation and open 
towards the exterior. The claspers on tenth abdominal segment are provided 
with crochets arranged in a semi-lunar curve. 

The egg 

The eggs are oval, dorso-ventrally flattened and are laid in clusters in three 
to five overlapping rows. Freshly laid eggs are transparent but become creamy 
white a few hours after deposition. An individual egg measures from 0*7 to 
0* 9 mm. in length and 0-65 mm. in breadth. All the eggs in an egg mass are 
of the same size and shape. The longitudinal axis is always parallel with the 
mid-rib of the leaf. They are firml^^ glued onto the surface of the leaf. The 
(ihorion is transparent, colourless and under a microscope reveals a beau- 
tiful ornamentation in the form of an irregular net- work of depressed lines. 
The empty egg-shells are white and more conspicuous and remain attached 
to the leaf till beaten away by weather. 

The eggs are laid in clusters on the under-surface of the green leaf. They 
have never been seen on dried leaves. The egg-laying takes place at night. A 
single female laid 366 eggs in one night in eleven egg masses with sixteen to 
sixty-five eggs in each cluster. The oviposition was again resumed on the night 
following with five clusters having a total of 123 eggs. The number of eggs 
in the body is innumerable and dissection of females after egg-laying show s 
that all the eggs are not laid. 

Unfertilized eggs are laid singly in scattered groups of two to three 
devoid of any symmetry. They quickly shrivel up. An unfertilised egg 
mass is seldom found in the field. 

Development . — ^The originally homogeneous contents of the egg exhibit three 
W^^U-defined bands twelve hours after oviposition. The developing larva lies in 
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the centre in a horse-shoe formation. The disintegration of yolk into 
small globules can be observed on the second day. 

Two eye-spots and brown patches of future mandibles along with body 
segments appear on the third day. On the fourth day the head and prothorax 
become clear as dark bands, and tubercles with minute spines can be seen. 
Feeding on yolk can be marked by the movement of yolk strings towards the 
mouth where they are tom by the mandibles. Hatching takes plaoe on the 
fourth to sixth morning at sunrise or at little after. Majority of the larvae in 
the egg mass hatch out together. A few may take another twenty-four hours 
in hatching. 

Ltfe-history 

Copulation generally occurs at night. A pair remained in copulation for 

hours in the laboratory. Eggs are laid a few hours after copulation. In- 
cubation lasts from four to six days. Hatching always occurs at sunrise or a 
little later. Freshly hatched larvae measure about 1 • 6 mm. with black head 
and prothorax. Body on hatching is dirty grey with faint impression of stripes. 
The abdominal trapezoid tubercles are present in the form of black dots. 

Larvae arc quick and agile with very active spinning glands. They swing 
in the air by the silken threads and get dispersed to surrounding plants by the 
help of wind. They are quick in crawling from plant to plant or to the axils of 
leaves on the same plant. Those which come in contact with central whorl of 
plant leaves eat their way in and create dead heart. Later in the season when 
cane has formed they enter by making pin-holes anywhere in the internodes. 
Tn western United Province the young larva? behave as leaf-miners for a few 
days before penetrating into the plant stalk. 

Second instar larvce . — Larval details get completed. Mid-dorsal stripe 
becomes continuous and prominent. Pro-legs assume their normal shape and 
crochets take the horse-shoe formation. Black pigment spots on tulercles are 
absent at this stage. They appear in the fourth instar. The larvae get perfectly 
matured in the fifth instar. 

Eedysis . — When the time of moulting draws near, the caterpillar becomes 
motionless and stops feeding. The colour of the head and theprothoracic shield 
becomes black. The skin between the head and prothoracic region gets stre- 
tched and ultimately ruptures. By gradual contractions of the body this outer 
coat of skin is pushed back till it is cast off. The head capsule which is now an 
outer coat of the head is dashed against the surface and is gradually discarded 
by the help of the anterior pair of appendages. 

Each moult takes about forty-five to sixty minutes. Tn the final moult 
the larva changes into a pupa. During the final moult, the head capsule is 
not cast off separately from the skin but the capsule ruptures along the 
epicranial suture and is discarded posteriorly along with the skin. 

Five moults are common before the caterpillar actually pupates in the 
active season. The number of moults increases to seven or eight in hibernating 
larvse. 

The larvse of Diatroea saccJvaralis eat their cast skins and are cannibalistic 
in habit as has been observed by Halloway and Loftin [1919]. I have not 
observed this phenomenon in the case of any of the sugarcane-borer larvae, 
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Orowth , — ^All the larvae hatched from the same egg mass do not grow 
equally. The growth depends to some extent on the nature of food they come 
across. The larvae fed on soft tissues grow more quickly than their fellows 
feeding on hard material. The larval existence is roundly of sixteen to 
twenty-one days’ duration. Some larvae take as many as thirty days to pupate. 
In case the plant succumbs to injuries and dries up, the larvae, if not old 
enough, migrate to neighbouring plants and if full grown resort to pupation. 

Pupal period . — This period considerably varies between the over-wintering 
larvae and the larvae of the active season. In February the period lasts from ten 
to twelve days, but in summer it is short and jmpation is over within six to 
eight days, the average for the active season being a week. The progress of 
various pupal changes is as follows : — 

Ist day. — Body yellowish brown, stripes dirty-violet, rims of spiracles 
brown and projected, pro-legs atrophy rudiments of wings and 
appendages, two dark eye-spots and sexual markings are dis- 
cernible. 

2nd day. — Yellow colour deepens, venation is marked out, eye-spots 
turn into dark patches. 

3rd day. — Compound eyes are differentiated. 

5th day. — Pupa dark brown, eyes greenish grey, wing scales differentiat- 
ed into black and white, gliding and rolling movement of posterior 
abdominal segments persists. 

6th day. — Pupa deep dark brown, no sign of life exhibited. 

7th day. -Emergence of chrysalis. 

Emergence of adults . — This always occurs in the early hours of the morning 
generally before sunrise. Anterior extremity of pupa breaks to give exit 
to the moth. The first rupture is the transverse slit along the posterior border 
of the front. This piece breaks and hangs down. The second rupture is along the 
length of thorax in mid-dorsal region. The third slit is lateral and runs along the 
whole length of antennal suture of each side. During emergence the posterior 
pairs of legs are the first to be dragged out along with the thorax. In doing so 
first pair automatically comes out and is followed by the second pair of legs and 
wings. The latter are short and unexpanded. The body is held on first pair 
of appendages. After about twenty minutes the wings expand to cover the 
body and it is then that the 3rd pair of legs is brought to the ground. 

Summary of life-cycle 

The tot al period taken from egg-laying to the adult stage in laboratory 
cages is thirty days in September, viz. egg four to five days, larva twenty- 
one days ami pupa leven days. The period of different instars of the larvse 
hatched from the same egg mass is shown in Fig. 2. Twenty-seven days is the 
shortest period which an individual life-cycle takes from egg-laying to the 
emergence of adult. 

Seasonal history 

Over -wintering larvae are stimulated to activity by the last week of February 
when majority of them pupate. Emergence of moths begins by the beginning 
of March and continues for the whole of March and egg-laying continues till 
the middle of April. The adults of the second generation lay their eggs by the 
luiddle of May and moths continue to emerge till the end of June. The third 
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generation continues up to the middle of August and fourth finishes by the end 
of September. Egg-laying of fifth generation commences by the beginning of 
October and the larvee hatched from these eggs hibernate, Thus there are fiye 
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to SIX generations in the year depending upon the early beginning of warm 
weather during spring and late closing of autumn for winter. This seasonal 
behaviour of the pest is true for both North Bihar and Western XT nited Pro- 
vinces. 

(2) Diatraea anricilia Ddgn. 

Adult 

Dudgeon [1905] described the aduJt from Pusa in the following words : — 
‘Antennae of male flattened by coalescing lamellae separated distinctly. 
Males — Brown ochreous, irrorated with fuscous ; a raised metallic spot 
in the cell, another at the origin of vein 4 and 5, one above and 
one below vein 2. A few golden scales in and beyond the cell, a 
post-medial row of black dots incurved towards the costa with 
golden scales upon them, a marginal row of black dots. Cilia 
golden. Hind wing brownish white, cilia silvery. 

Females — Big, antennae simple, ground colour pale, ochreous with metal- 
lic spots smaller 

The general colouration of the moth in my collection agrees with the des- 
cription reproduced above. The maxillary and labial palpi ochreous but 
suffused with dark brown. Abdomen ochreous suffused with brown at the 
sides and beneath. Tibiae of first thoracic appendage ochreous but irrorated 
with dark. There is a medial row of rufous lying at the distal border of the 
cell. Five metallic spots with golden scales in a regular curve over the rufous 
band. The raised metallic spot, as described by Dudgeon, lies at the apex of 
the cell at the origin of vein 6, i.e. M^. Another spot along the rufous curve 
at the origin of Rg, Rj, R4 and Rj. Ventrally the fore-wing is ochreous 
suffused with grey. Hind wing from ochreous to dark grey. 

Antennae in females are filiform with alternating grey and ochreous scales. 
Medial and sub-marginal rufous bands are imperceptible. Metallic spots 
arranged as in males. 

On account of the golden lustre of the metallic spots and those of marginal 
cilia Diatraea anricilia Ddgn. is commonly known as ‘ Gold-fringed moth of 
India.’ Females possess wing expanse from 22 to 30 mm. while in males it is 
from 16 to 25 mm. 

Head . — Front is conical and protruded beyond the eyes in males, rounded 
in females. This feature distinguishes it from Chilo zonellvs l>ecause in the 
latter the front is conical and protruded in both males and females. 

Wing-venation {PlMe XXXVI. fig- 2-a). Fore- wing. — Vein S(‘. arises free 
but fuses with R^ in front of the cell. Distally the two divcige again into 
Sc. and R^. The stalk of R^ and R^ is equal to the branch B4 l)ut bigger 
than R3. The veins R3 -f- R4, Rr, and Mj, arise at equal distance from each 
other at the apex of the cell. 

Hind wing (Plate XXXVl, tig. 2-b). — Sc. and R^ arise free but immedi- 
ately fuse to form a common vein Sc. plus Rj, which fuses Avith Rs near the 
angle of the cell. After running for a distance they diverge into Sc. plus R^ and 
Rs. Ml arises from Rs before it coalesces with Sc+Rj but it originates 
beyond the upper angle of the cell. PTV is faint but the angle is that of 90®. 

and arise together in a short stalk from the lower angle of the (*ell, 
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F&inale genitalia : Internal. — Accessory glands a little less developed 
while other structures resemble those of Argyria sticticraspis Hnipsn. 

External. — Ovipositer and collar as in Argyria sticticraspis. Genital 
opening surrounded by chitinous folds. Chitinous plate absent. Bursa 
oopulatrix and ductus bursas simple ; signum absent. 

Mah genitalia : Internal. — Testes dorso-ventrally flattened in the form 
of a disc. Vasa deferentia are closely approximated at origin, dilated after- 
wards to form vesiculaseminalis. The two tubes fuse to form a single con- 
voluted tube the ejaculatory duct to open at the adeagus. The accessory glands 
in the form of thin tubes communicating with vesicula seminalis. 

External {Plxite XXXVIh fig^- 3 and 4). — ^Vinculum triangular, grooved 
and drawn out posteriorly, Anellus an incomplete ring, its lobes extending 
forward. Adeagus straight and pointed posteriorly. Penis arrow shaped. 
Domutii present at the neck of the arrow. Harpes as in Argyria sticticraspis 
but hinged with vinculum. Tegumen short and triangular. Uncus with 
pointed apex, devoid of hook, Socii in the form of small sclerites, one on 
each side lying between gnathos and uncus. 

Pupa 

Disposal of different structures resembles Argyria sticticraspis. It differs 
from the latter in its cranial region vhich is neither rough nor raised up. 
A transverse ridge is present above the eye and is protruded like shorl horns. 
There is an incomplete circle of distinct spines on the seventh abdominal 
segment extending beyond the spiracles. The posterior extremity is divi- 
sible into dorsal and ventral halves, each possessingtwo pointed projections. 

Larva 

The caterpillar very closely resembles that of Argyria sticHcraspis in 
the general make-up of the body, the stripes, the tubercles and the spiracles 
(Fig. 3). It was for this reason that Argyria sticticraspis was so long con- 
fused with Diatraea auricilia ; the points of differentiation being the rini 
of the spiracle of Diatraea avricMia instead of being jet-black is grey in colour. 
The wall in front of the internal filaments is studded with minute papillae 
of different sizes gradually getting bigger towards the interior. There is no 
stage in larval existence when the tubercles become colourless. The fully 
mature larvae are comparatively bigger in size and measure from 25 to 30 
mm. in length and about 4 mm. in breadth. 

Larval detaila and chaetotaxy 

Number of sclerites, setae and punctures are the same as in the larva 
of Argyria stictieraspis. The head setae Aj, Aj, and A^ are almost in a right 
angle, resembling the arrangement met with in Diatraea saccharalis. Seta A, is 
more anteriorly removed from Aj and puncture Aa is more approximated 
to Ag than in Argyria stictieraspis. far behind Adf, while seta Pj and 
puncture Pa far behind Adfg. The distance between frontal seta Fj and 
Adfi is less than the distance between Adfj and Adf^. Ph not in a level with 
Pj but posteriorly removed and approximated to Lj. T1 ( frontal punc- 
tures Fa considerably separated from each other 
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Fio. 3. Side and dorsal view of Diatraea aurioilia Ddgn. 


Labrum has median setae Mi, Mj and Mg arranged more or less in a right 
angle and therefore Mg is not posterior to M, but at the same level. Puncture 
Ma lies behind Mj and is approximated to M, than to Mg as in the case of 
Argyria sticticraapis. Only two sensory papillae of epijiharyngeal shield arc 
present in the region below and in-between M, and Mg. Lateral seta Lag 
lies at a higher level than Mg. The epipharyngeal cones Et lie between Lai 
and Mg instead of lying between Lag and Mg of Argyria sticticraapis. 

Movlh-parta. — Mandibles with second tooth pointed and prominent. Cardo 
is reduced and extends over sub-mentum which extends a little beyond cardo 
and does not fuse with its fellow of the opposite side. 

Thorax. — On prothoracic shield the puncture X has shifted behind Y. 
XY are far removed from seta la than in Argyria sticticraapis. Puncture Z 
midway between la and Ib instead of being near Ib. Va does not occur at 
any stage of larval life. Rest of the setae and tubercles are similar in distri- 
bution as in Argyria sticticraapis. 

Abdomen. — Tubercles and setae resemble those of Argyria sticticraapis 
with the difference that trapezoid tubercles are big and make an angle of 90°. 
No central dorsal tubercles are developed. Xb makes its appearance on eighth 
abdominal segment and lies ventral to Xa. Ilia always keeps its individual 
identity and does not come in the sphere of III t\ibercle. 

Pro-legs. — Crochets follow the same biordinal arrangement as in Argyria 
sticticraapis, but the circle is complete though the size gradually decreases 
towards the exterior. 


Egg 

Freshly laid eggs of Dialraca avricilia resemble the eggs of Argyria sticti- 
craspis in size, shape, colour and in general arrangement. 

Lipr-history 

Copulation, oviposition and hatching re.sembles Argyria sticticraspis. 
Freshly hatched larvae measure about 1 mm. in length. The head is blach 
and dorso-ventrally flattened. Prothoracic shield is of a dirty white colour 
like the rest of the body. The larvae possess only four stripes. The dorsal 
stripe being absent. Tubercles are grey and spines are black in colour. The 
larvae avoid light and take shelter on the under-surface of the leaves. The 
larvae are active and fragile and great devourers of green leaf tissues, 
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Second instar larvae . — First moult generaUy occurs on the third day after 
hatching but in some cases it occurs after five to nine days depending upon the 
food available. The dorsal stripe appears after the first moult. Body is 
semi-transparent and alimentary canal can be seen lying within. Crochets 
are in a semi-circle with a fewer number of spines than found in a mature 
caterpillar. The process of moulting resembles Argyria stictieraspis and each 
moult takes from thirty to forty-five minutes. There are five moults before 
the larva reaches maturity. The duration of various instars depends on the 
nature of food available. 

The larval period varies considerably in different larvae hatched from 
the same egg mass. Some pupate after thirty days of larval life while others 
may take thirty-five to forty days and even more. It has been observed 
that larvae reared on shoots failed to pupate. They would always leave the 
shoot and pupate outside. It appears that mature larvae are incapable of 
making exit holes by boring through several layers of leaves. This explains 
why Diatraea aaricilia does not occur in young plants and is only fond of 
grown-up canes. The internodes harbouring this borer fail to grow to a normal 
size. 

Pupal period . — The pupal period lasts from eight to ten days. The 
progress of pupation is as follows : — 

1st day. — Head region brown while body yellowish white, spiracles 
projected, stripes present. 

2nd day. — Abdomen pale yellow, stripes persisting. 

5tli day, — General colour yellowish brown, eyes reddish brown and 
frontal horns dark brown. 

8th day. — Pupa deep dark brown, no rolling movement of the posterior 
end. 

10th day. — Emergence of the adult. 

Summary of the li fe-cycle 

Emergence of the imago completes the life-cycle. The incubation period 
takes five days, larva thirty-five to forty days and pupa eight to ten days, 
the whole cycle covering a total period of forty-five days in the laboratory 
during March and April. 

SeasokaIt history 

Over-wintering larvae are stimulated to activity by the beginning of 
February and emergence of moths takes place by the middle of February and 
continues up to the end of March. The eggs of the first brood were freely 
laid in the laboratory cages but they were not found on the aftermath or ratoon. 
Moths of second brood came out in laboratory cages by the beginning of April, 
while some larvae emerged as late as the end of April. The second brood 
occurred during April and May. During this period not a single plant was 
found harbouring Diatraea auricilia larva either on the sprouts of the stubble 
or on the plant cane. With the breaking of monsoon and sowing of paddy, 
Diatrae auricilia larvae were found infesting paddy in June and July and 
sugarcane in September when the rains were over. Its infestation in grown- 
up canes was at its maximum in October and November. It appears that 
there are five generations in the year. How the first two generations are 
passed in the field could not be ascertained in spite of a thorough search 
in the majoriny. 
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of the graminacious crops growing in the vicinity of I’usa. it has not 
been recorded so far from the western districts of the United Provin(*es. 

Diatraea venosata (Wlk) 

Adult 

The wing expanse in females is 30 to 35 miii. and in males about 25 to 
30 mm. Zehntner’s [1898] account of Diatram siriaialiii Snellen oi java 
closely applies to that of Diatram venosata Wlk. in the length of labial palpi 
which are as long as the head and thorax, suffused with dark in males and 
ochraceous in females. Antennae are similar and so is the general colouration 
of the wings. Apex of fore-wing is drawn out to a fine point. In males the 
posterior border of fore-wing is sloping. The cell area is imperceptibly form- 
ed and the black spot of scales lies at the basal angle of the cell. Marginal 
spots are inconspicuous in males but prominent in females. The only differ- 
ence being that there is a greater wing expanse in the females of Diatraea 
striatalis which varies from 36 to 38 mm. Tt may be due t(> climatic varia- 
tions. These features leave very little doubt that the two are not identical. 

Umd, — Front rounded and jjrotruded in males, flat in females. Antennae 
flat and lamellate in males. The segments are wider than long and serra- 
tion is deep. The ocelli are absent altogether. Labriim straight with pili- 
fers well-developed. Labial palpi long and pointed. 

Wing venation: Fore-wing (Plate XXXVI, Fig. 3a and b). — The fusion 
of Sc and is more pronounced. The two diverge just near the margin 
into Sc and R^. Rg is approximated to the stalk of R.j and R 4 and coalesced 
with the latter in females. Branch R 4 bigger than the stalk while R 5 smaller. 
Mg and M 3 arise together but not stalked. R 4 to A^ the veins are equidistant 
at the margin. 

Hind-wing. — Sc + R^ and Rs similarly disposed as in Diatraea anri- 
cilia. Ml arises from Rs just when the latter is to fuse with Sc -f Rj, beyond 
the cell. Angle PTV less than 90^^. Mo and Mg are stalked for a distance. 
The stalk being smaller than either Mo or Mg. (hq curved near the angle 
of the cell. (Juja removed from the angle while Ciqb arises a little beyond 
the cell. 

Female genitalia : Internal. — The various structures are disposed on a 
plan very much resembling those of Argyrio sficficraspis. 

External. — Single stylet supports tlie collar of nintli segment. Genital 
opening without any chitinous plate but surrounded by chitinous folds whieli 
extend within to a circular girdle from where the ductus bursae is continued 
to bursa copulatrix. The ductus bursae is short but has several chitinised 
longitudinal folds below^ the girdle. Bursa copulatrix is dilated and signum 
is absent. 

Male genitalia : Internal. — Similar to Argyria siicticraspis. 

External (Plate XXXVIf, figs. 5 and 6 ). — Vinculum slender, rounded and 
flat drawn out to a fine point posteriorly. Anellus })late extending as an arm 
from vinculum to support the adeagus tube. Juxta membraneous and closely 
applied to adeagus which is tubular and bears spines ; ])enis large and i)ro- 
minent provided with several rows of spines. Harpes bluntly triangular and 
reduced. Tegumen, gnathos and uncus chaelate. 
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Pupa 

The frouto-clypoal is flat with tw o spines. A sort of rougliness whic.h 
neither resembles ridges of Argyria sticticraspis nor the spines of Diatraea 
auricilia is present on fiftli, sixth and seventh abdominal segments. It is 
bounded by a streak posteriorly which appears white in reflected light or 
when viewed from behind. These streaks persist as white lines after the 
emergence of moths. Two short and thick spines are present in the dorsal 
half of the anal segment; directed upward and backw'ard. 

Larva 

The caterpillars are comparatively larger in size than other borer larvae 
and measure from 25 to 30 mm. in length and are about 4-6 to 5 mm. in thick- 
ness. Stripes are four, violet in colour, dorsal stripe being absent (Fig 4.). 
The strii)6s of the two sides do not run with each other on the eighth 
abdominal segment. The tubercles are very big and are jet black in colour. 
Anterior trapezoid tubercles are round while the posterior ones arc oval, 
the two lie at an angle of 35'^. Ventral tubercles are grey instead of black. 
The tubercles lose their colour by the middle of October when hibernation 
commences. At this stage the caterpillar resembles the larva of Chilo zonellv^ 
in the colouration of the stripes. The two can be easily recognised from 
each other by the grey colour of the tubercles in the larvae of Chilo zonellus. 



Fig. 4. Side and dorsal view of Diatraea venoaata VVlk. 

Spiracles and supra-spiracular tubercles lie on the lateral stripes, the 
former being latero-posterior of the latter instead of being directly below^ the 
tubercles, as in Argyria sticticraspis or Diatrea auricilia larvae. The spiracles 
are rounded than oval and lie on tracheal vessel w^hich can be easily seen through 
the transparent chitin. The rim of the spiracle is jet black with grey space 
inside. The disposition of the filaments and papillae resembles Diatrctea 
auricilia. 

Larval details and chaetotaxy 

Head. — Puncture Adfa lies ahead the junction of adfrontal suture with 
the longitudinal ridge. Adfg more posteriorly removed. The distance bet- 
ween h\ and Adf^ is less than the distance between Adfj and Adfg. Pg lies 
beyond the level of Adf 2 as in Diatraea auricilia but not on the same level as 
in Argyria stricticraspis. Puncture P^ is equidistant from Pg and Pj and 
all the three lie in a line. Pa almost in a level with Adfg. Puncture 
Aa and setae A^ and A* in a line and equidistant from each other. Aj, A, 
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and Aj lie in an angle greater than a right angle. The puncture La approxi- 
mated to seta Ljl unlike that oi A.vgyT%(i sticticrciapis. Ultra* posterior setae 
and puncture (x) big and prominent. 

Mouth-parts . — Labrum closely resembles tJiat ol Diatraea auricilia, 
the dilierentiation being the shuffling of the setae oi the median group to- 
wards the notch. The puncture Ma lies behind Mj and Ma and is equidistant 
from both. There is another puncture Mb posterior to Ma. The epipliaryn- 
goal papillae EP are approximated together and lie one on each side ol the 
seta M^. 

Mandibles possess six prominent teeth which are projected and c onical 
and clearly indicate that the larvae are great devourers of cane tissues. 

Labium, maxillae and mentum built on the same plan as in Aryyria 
sticticraajiis or Diairata auricilia. Oardo is heavily chitinised and has no 
glove-'shaped projection. Its internal outline is convex and hangs over the 
sub-mental sclorites. The latter arise from t he region of stripes and run up to 
the base of cardo. 

Thorax . — The number oi setae and punctures on prothoracic shield similar 
to Argyria aticticrasjjia. Tuiu^ture X and Y behind one another as in Dia- 
traea auricilia. Luiicture Z nearer to seta lb. {Shield is black at border 
and greyish brown pigment spots are absent. A promineiit mid-dorsal lissure 
present. Seta IXa and IXb lie on a common tubercle and IXc fuses with 
Its fellow of the opposite side to form a bisetose ventral tubercle in front 
of the leg. On meso and meta-thorax IXa, IXb and IXc are present as in 
Diatraea auricilia' and Aryyria sticticraspia and Ya resembles the latter. 
(Jentral dorsal tubercle is single on meso-thorax but it is divided into two 
on meta-thorax, one on each side of the mid-dorsal line. 

Abdomen . — Trapezoid tubercles make an angle greater than 90 . Central 
dorsal tubercles are not present. Va is not repeated on any abdominal seg- 
ments. Ilia always remains separate. 

LiFifi-HISTORY 

Eggs are laid as described for Argyria aticticraspis. Incubation period 
takes Irom live to six days, larval existence continues from twenty-one to 
thirty days and pupation lasts from ten to twelve days during the active 
season. The larvae shrink in size at the approach of pupation and the tuber- 
cles lose their colour. Tlie larva, spins a semi-transparent silken nest before 
pupation and lies quiscent in tlie nest during the pupal change. Over-win- 
tering larvae take about lifteen days in pupal stage. The total period taken 
by one life-cycle varies from six to seven weeks. 

Seasonal history 

It attacks sugarcane in North Bihar during the monsoon months oi 
July, August and September when cane is actually formed. It does not occur 
in young shoots, its ravages are localised. It may occur abundantly in 
one held while it may be altogether absent hall a mile away. The borer is 
at its maximum activity in {September. Its intensity ol attack goes down 
in October when hibernation begins. Some ol Diatraea venosata larvae 
begin to hibernate from the middle of September and emerge in the following 
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spring. In laboratory cages larvae hibernated from the 20 th of September 1930 
and emerged as moths on the 9th of March 1931. During the period they are 
absent from sugarcane they abound freely in Saccharum fusctim (Ikri) and 
Saccharum sponianeurti (Batri). This borer has recently been recorded from 
Dehra Dun and its life and seasonal histories are being worked out. 

Chillo zonellns (Swinhoe) 

Adult 

Wing ex[)ajisc of females varies from 25 to 30 mm. while tliose of males 
measure from 20 to 25 mm. only. The (colouration of males differs from the 
a(»count given by Hamj)son [1896] of Chilo simplex Butler. The (ostal 
area of fore-wiiig is not darkish but brown. The dark specks are more in 
number than what has been indicated by Hampson. It resembles Crambus 
zonellns Swinh. [1884], in its brown shadowy band running from apex 
of the fore-wing to the centre but differs in the colour of abdomen which is 
ocliraceous instead of whitish. The last joint of labial palpi is never long 
but it is the shortest. 

Head . — Front is bulging and is drawn out in the form of a. conical j)ro- 
jection. The cone is as much pronounced in males as in females. Antennae 
are flat and lamellate in males, filiform in females. Ocelli are present on black 
tubular projections just adjacent to antennae. Labial palpi three-jointed 
and double the length of the head. The last joint is short and conical. Maxi- 
llary palpi are ocliraceous with last joint massive, flat and club-shaped. Lab- 
rum straight and pilifers present. 

Wing -venation: Fore-wing (Plate XXXVl, fig. 4a). — Apex of the fore- 
wing rectangular in males but acute and produced in females. General des- 
cription of veins resembles those of Argyria sticiicraspis in both fore and hind 
wings. from the middle of the cell, approximated towards Sc which is 
free. Rg is approximated to the stalk of Rg -f R 4 at its origin. The stalk 
is bigger than its branch R 3 but smaller in comparison to R 4 . R 5 straight 
and from below the apex of the cell. PTV curved and the angle undifferen- 
tiated. AU the veins are equidistant at the margin. 

Hind-wing (Plate XXXVl, fig. 46). — Sc -f- R^ and Rs arise free but anas- 
tomosing in front of the cell. The fusion persists for about two-thirds the 
length of the wing when they diverge again into Sc -f R^ and Rs. Mj arises 
from Rs within the area of the cell and, therefore, PTV originates from Mj 
and makes an angle of 90°. Mg and M 3 are stalked. CuiSl from before but near 
the lower angle of the cell. The area of the cell is diminished and therefore, 
the apex of the cell is very much drawn in towards the base. Cross- vein PT 
in much reduced and TV is eight times the length of PT. 

Feynale genitalia : Internal.— The various structures constituting the 
internal genitalia resemble those of Argyria sticiicraspis. 

External. — Ovipositor similar and so also the stylets attached to it. 
Genital opening lies in the notch on the chitinous plate on the eighth abdominal 
segment. Ductus bursae is lightly chitinised at its origin and bursa copula 
is much trix is without a signum. 

Male genitalia : Internal. — Testes single, df^Kj shaped. Vasa deferentia 
prominent and well separated. They in their course narrow^ down to swell up 
again into vesiculae seminahs. The two open into a triangular sinus by a 
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very narrow tube. The lateral extremities adjacent to the junction of vesi- 
culae seminalis are extended below and are approximated together to form 
the accessory glands which lie below in convoluted loops. The apex of the 
sinus is drawn out into a tube — ^the ejaculatory duct — which opens on the 
adeagus. 

External (Plate XXXVII, figs. 7 and 8). — Vinculum rounded and drawn 
out posteriorly, lateral walls thick and massive. Anellus triangular with huge 
lateral lobes arising from its dorsal margin. The distal extremity of the 
lobe resembles the fluke of an anchor, ventrally the anellus possesses a calcar 
with a long, stout spur projecting to a considerable distance below the adeagus 
and studded with hairs and spines. Juxta is closely applied to adeagus 
dorsally and is semi-cylindrical in shape. Adeagus is a long single tube with 
a rounded sack at the entry of the ejaculatory duct. Penis is sabre-shaped 
and extends beyond the uncus, with cornutii present at its apex. Harpes 
with a heavily chitinised basal lobe. Sacculus reduced and costa depres- 
sed. Transitilla absent as in others. Tegumen with lateral walls broad 
for a considerable distance. Uncus and gnathos form a chaela. 

Pupa 

In Chilo zonellvs fronto-clypeal region is convex and bulges out towards 
the ventral side. Bases of wings have a semi-lunar comb shaped prominence 
with a golden lustre. The pupa resembles much that of Diatraea auricilia 
in the nature of spines of fifth, sixth and seventh abdominal segments, the 
only point of differentiation being that in Chilo zonellus these spines do not 
extend beyond the spiracles on the seventh abdominal segments. 

Larva 

General 

The larva (Fig. 5) measures from 20 to 25 mm. and resembles the caterpillars 
of Diatraea auricilia and of Argyria sticticraspis in general disposition of the 
body and its tubercles. But the stripes are four, dorsal stripe absent, where 
it resembles Diatraea venoaata but the jet black tubercles of the latter do not 
occur (Fig. 5). The larvae show a sexual dimorphism in the disposition of grey 
tubercles and stripes, which is not hitherto marked in other striped cater* 
pillars. In one form, the trapezoid tubercles are big and prominent and all 
the four tubercles lie very close to each other. In such a case the two sub- 
dorsal stripes are less prominent and run on the borders of these tubercles 
and are well separated from each other as in fig. 5(a). The moths 
developing from such larvae are generally female. In the other form 
the trapezoid tubercles are of medium size, less prominent and are well 
separated from each other. The violet stripes are very prominent and run 
over the tubercles. These two sub-dorsals stripes run with each other 
anteriorly, posteriorly and in the middle of the trapezoid tubercles on each 
segment as in fig. 6(6). The developing moths from such larvae are mostly 
males. Sometimes it becomes difficult to decide whether the larvae will give 
rise to male or female moths. ^In such cases greater importance in sex de- 
termination should be placed on the size of tubercles than the stripes. 

Spiracles. — ^The jet black rim and the internal filaments guarding the 
stigmatal opening resemble those of Argyria sticticraspis but the space within 
is dark here. 
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Fro. 6. Side and doisal view of ChUo xoneUiu Swinh. 


Larval details and chaetotaxy 

Head . — It is light brown in colour with dark brown mouth-parts. Seta Pj 
lies at a level with Adf, as in Argyria sticticraspis and unlike that of Diatraea 
auricilia and Diatraea venoaata where it is considerably thrown back. Punc- 
ture Pa is approximated to P* and consequently the distance between Pa 
and Pi is more than in any of the larveie described above. The distance bet- 
ween Adfi and Adfg is more than the distance between Adf^ and adfrontal 
seta Pj. Punctures Fa well separated. Aa, Aj and A* close together and 
in a straight line. The distance between Ag and Aa less than the distance 
in any of the larvae described in the preceding pages. Ultra-posterior setae 
X surround the puncture posteriorly. 

Labrum . — Mg at a higher level than Lag, M, and Mg possess a punc- 
ture each. The puncture Mb of M^ lies in front of it towards the notch. 
Me latero-posterior of Mg and Ma latero-posterior of M* and behind Mj. Epi- 
pharyngeal sensory cones lie between the setae M, and La,. Sensory papillae 
are absent. Cardo glove-shaped and projected. Sub-mentum sclerites extend 
beyond the base of cardo. 

Thorax. — Pro-thoracic shield has usual number of setae. The puncture 
X is absent. Y near the seta la as observed on the prothoracic shield of 
Argyria sticticraspis and Diatraea venosata. Z is approached to Ib. IXa and 
IXb correspond with IXab of Diatraea venosata with the only difference 
that they lie on separate tubercles. On meso- and meta-thorax the tubercle 
Va is setaless and resembles Va of Argyria sticticraspis in colour and Diatraea 
venosata in size. IXa is present anterior to leg on meso- and with the addi- 
tion of IXb on meta-thorax. Single puncture is present on the first joint 
of e^oh thoracic 1^ which ends ip a straight spine, 
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Usual number of setae and tubercles are present with Va 
repeated prominently on first to seventh abdominal segments. It is charac- 
teristio of Ohilo zondhu but does not occur on eighth, ninth and tenth abdomi- 
nal segments. Trapezoid tubercles from second to eighth abdominal segments 
possess two to four deep brown pigment spots in front of the setae. These 
spots never occur on the anterior trapezoid tubercles of the first abdominal 
segment. Pre-spiraoular tubercle Ilia is joined to III on the first abdominal 
s^^ent in oases where the stripes are running together but it is free in others. 

Pro-legs. — Crochets are arranged in a circle decreasing in size towards 
the exterior. The spines are arranged in triordinal series, smallest lying 
between the medium and biggest. 

Lifb-histobt 

Copulation and oviposition resemble Argyria atictieraapis. Hatching 
occurs in the early hours before sunrise. There have been cases when hatch- 
ing has been noted about 10 a.h. and 4 p.m. The larvae after coming out 
from the egg measure from 2 to 2*6 mm. in length about 0*25 to 0*3 mm. 
in breadth. Head and prothorax is dark brown while the rest of the body 
is translucent, dirty white in colour. Tubercles are violet instead of grey 
or brown as has been noted in Argyria sticticraspia and Diatraea auricilia. 
Stripes are absent and pro-legs are peg-like with two to three crochets. 

Larvae are fond of maize leaves and are attracted by light at this stage. 
It was observed in the laboratory that all the larvae collected on the side of 
the jar which was facing the window. When this lighted side of the jar was 
turned away from the window the larvae again collected on that side which 
was then facing the window. If the jar is inverted the larvae immediately 
take an about-turn and crawl upward. One of their peculiar habits is of 
co’lecting together. These habits explain the crowding of these larvae on 
the tassel of the maize plants which generally harbour as many as fifty larvae. 
The sexual dimorphism in the larvae is evident after the first moult. 

Duration of the larvel period. — In active season it lasts from sixteen to 
twenty-four days. They undergo the usual number of five instars covering a 
period from two to eleven days. It is seldom that one or two larvae prolong 
their larval life to as many as thirty days hatched from the same egg mass. 

Pupa stage. — ^The various colour changes from yellow to brown are un- 
dergone in the same way as has been described in the case of Argyria 
sUctieraapis. The pupal period taken by males and females differs in different 
months. In the case of males it varies from four to seven days, while in 
females the time taken is from six to nine days. 

Duration of the life-cycle. — ^The total period from egg-laying to the emer- 
gence of adult varies from twenty-six to thirty-five days in the active season 
in July, vix. egg four to six days, larva sixteen to twenty-four days, pupa five 
to seven days. 

Sbasonai. histoby 

Seasonal history resembles that of Argyria atictieraapis. Over-wintesing 
larvae begin to emerge as moths by the end of March and continue to do so 
till the beginning of May. The borer remains active till the middle of Novem- 
ber. Depending upon the shortest period in life-cycle it can be presumed 
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that it has at least five broods. The period from the 19th of November 1929 
to the 25th of March 1930, was noted to be a time of absolute rest. Fletcher 
and Ghosh [1921] have observed its longest resting period extending from 
September to about July and August. This phenomenon is rare. During 
the period under study not a single larva took such a long time in completing 
one generation. 

Ghilo zoneUtiS occurs in sugarcane in case the cane fields are in 
the neighbourhood of those of paddy or maize. In July and August 1930 
sugarcane was grown in the compound of pathological laboratory. On the 
other side of it rice and maize were growing in the pot-culture Bouse of the 
mycological section. It was the only instance when Ghilo zondlua larvae 
ocurred in sugarcane. They were infesting rice and maize abundantly. 

Second instar larvae were released on young sugarcane plants on the 26th 
of July 1931. Many of these larvae failed to penetrate the intemodes but 
bored the mid-rib of the leaf. The growth was very slow. The larvae entor- 
ing the central leaf-sheath could chew only a part and indicated ‘ dead heart ’ 
on the 14th of August, i.e. after a period of nineteen days. These young larvae 
did not live on the hard tissues of the cane leaves and ultimately died. Mature 
larvae of course thrive well on sugarcane whether young or old. Side by 
side the larvae were released on maize plants from IJ ft. to 2^ ft. high on 
the same date as on sugarcane and of the same instar. The re.sult was that 
dead heart was indicated on the 31st July in the youngest of the lot. While 
all these plants were brought to the ground on the 4th of August with the 
majority of leaves dead. The larval growth is more accelerated in maize than 
in sugarcane. It is probably the reason why Ghilo zonelhis larvae prefer 
young maize to old plants and this explains their infestation of the in- 
florescence when the maize plants are quite grown up. It is not a regular 
pest of sugarcane as had been indicated by Stebbing [1903]. He writes : — 
‘ Ghilo simplex so far does not appear to be a bad pest in the sugarcane 
at Seeraha ; it occurs far less frequently there than the other 
two borers. But if the insect thrives and multiplies greatly in maize 
which is grown throughout the district during rainy season it will 
certainly spread to the sugarcane if the two crops are grown near 
to one another.’ 


CONOLtrSIONS 

It would appear from the table of difference (Appendix) that the specific 
differences afforded by the structural details leave little doubt that the insects 
described above belong to four different species and can be easily recognised 
from each other by the nature of the front, the ocelli, the labial palpi, the 
wing venation, and the genitalia of adults, characteristic markings of the 
pupae and the nature of stripes and tubercles of the caterpillars. 

The presence of ocelli, short labial palpi and the nature of the front 
bring Argyria aticticraspis much nearer to Diatraea avricilia, while the male 
internal genitalia of Diatraea venosata resemble those of Argyria aticticraspis. 
This opens a field for the study of generic position of Argyria sUcticraapis. 
Any taxonomist of this group will find this thesis of great use in his further 
>rork. Besides, the information on anatopiioal details coupled with life-history 
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and seasonal incidence will help a good deal those who are trying to com- 
bat these pests and who meet them in their day-to-day work in the field of 
sugarcane entomology. 
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ABBREVIATIONS 


Chaetotaxy — FR 



Front. 

ADFR 



Adfrontal ridge. 

LR 



Longitudinal ridge 

Adfs . 



Adfrontal sutures 

El and E. 



Setae of epistoma 

Fa 



Frontal puncture 

Adfi . 



Adfrontal seta 

Fi 



Frontal seta * 

A| f A|9 Aj 


• 

Anterior setae 

Adfa . 


• 

Adfrontal puncture 

Pi. P, . 


• 

Posterior setae 

Pb 



Posterior puncture 

Li 



Lateral seta 

La 



Lateral puncture 

Oj, Oj, 08 • 



Oceller setae 

Oa 



Ocellar puncture 

Soi, Soj, Soa 



Sub-ocellar setae 

Gi 



Genal seta 

Ga 



Genal puncture 




Median setae 

La,, Laj, Laa 



Lateral setae 

Ma . 



Median puncture 

Et. . 



Epiphaiyngeal setae 

Ep. 



Epiphyrangeal papillae 

CDT. . 

• 

• 

Central dorsal tubercle 



Appendix 

Table of differences 
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|i 

u 

• 

1 

! 

Conical and project- 
ed in (} and $. 

j Present but project- 
ed. 

Ochraceous in both 
(J and?. 

Double the length of 
the heckd with last 
joint shortest. 

Sc separate and un- 
branched. M, and 
M, arise closely but 
do not fuse with each 
other. 

Ml arises from Rs 
within the area of 
the cell. and 

arise together in a 
short stalk. 

Bounded in 3 

9 . 

Absent 

Flat and lamellate with 
deep serration. Mixed 
with dark in <J. 
Ochraceous in ?. 

As long as the head and 
thorax, last joint long 
j and pointed. 

Sc arises free but fuses 
with Rj+Mj and M, 
arise together but not 

1 stalked. ' 

Mj arises from Rs just 1 
at the place of its j 
fusion with Sc and Rj. ; 
M, and M3 arise in a 
long stalk. 

« 

% 

ll 

1® 

i li 
! .0 [§ 

1 

Convex in rounded i Conical in d rounded 
in $. in $. 

Present . . . Present 

Alternating grey and j 
ochraceous. 

As long as the head 

! 

Sc arises free but fuses j 
with Rj. M, and M, 
arise separately. , 

M, arises from Rs after 
the angle of the cell, 
M, and M, arise in a 
common stalk. 

Ringed black and white i 

1 

As long an the head 

Sc separate and un- 
branched. Mj and 

arise separately. 

j 

(ii) Hind-wing . ! M, arises from Rs be- ; 

fore the angle of the | 
cell. M2 and M, arise * 
in a common short | 

1 stalk. 

1 

1 

CO 

• 

i|j 

tti 

[ (ii) Ocelli 

1 

(iii) Antennae . 

1 

1 

(iv) Labial palpi 

1 

Wing venaticn 

1 (i) Fore-wing 

I 

1 







QQ 









• 

HH 
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(2) Sub -men- Sub-mentum iii two Pieces extend beyond ' Pieces arise from the Pieces extend beyond 
turn pieces runs up to the cardo and do not fuse ! region of stripes and the limits of cardo. 

limits of cardo and the with each other. . do not fuse with each 
sclerites fuse with ^ ' other, 

each other. 
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Introduction 

I N India sugarcane is damaged by several caterpillars of pyralid moths. 

M. Afzal Husain, Entomologist to Government, Punjab, Lyallpur studied 
the distribution of these borers in the Punjab in 1923 by examining 
sugarcane samples from aU over the sugarcane-growing tracts of the province. 
A variety of barani (rain-fed) sugarcane grown locally at Sialkot yielded a 
species of caterpillars which was different from the common species of sugar- 
cane borers. M. Afzal Husain gave this caterpillar the name of ‘ new pyralid 
borer Moths were bred out and submitted to the Imperial Research Insti- 
tute, Pusa and British Museum, London, for identification. In spite of repeated 
submissions of fresh material annually, the pest remained unnamed till Octo- 
ber 1938, when the senior author wrote to Sir Guy Marshall for its specific 
identification. This resulted in Mr G. A. Bisset naming it as Ghilo trypetea 
sp. nov. (Pyralidae : Lepidoptera). 


Distribution 

Chilo trypetea Bisset has a restricted distribution in the Punjab and has 
so far been recorded from the tehsils of Pathankot, Batala, and Gurdaspur 
(Gurdaspur district), and Mukerian (Hoshiarpur district). 

Food-plants 

The pest is monophagous and feeds only on sugarcane. It has neither 
been found in other gramineous plants (cultivated or wild) in the fields, nor 
has it ever fed on such plants as guinae grass (Pannicum maodmum), maize 
{Zea Maya)^ aarkanda (Saccharum aara) and a few wild grasses offer^ to it 
in the laboratory. 
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Desobiftion or vabioxts staobs 

Egg (Plate* XXXV III, fig. 1) 

Length 0'66-0*86 mm,, breadth 0*42-0‘53. Flattened and scale-like. 
Glistening white to pale cream when freshly laid, changing to dark grey before 
hatching. 

Caterpillar (Plate XXX VIII, fig. 2) 

A full-grown caterpillar measures 26-28 mm. in length and 2- 5-3-0 mm. 
in breadth. Body cylindrical, sparingly clothed in short setae which arise 
from tubercles. Head light orange, rest of the body creamy white ornamented 
with four longitudinal reddish-brown stripes situated as foUows ; One on each 
side along the spiracles and the other on either side of the dorsal vessel ; 
the spiracular (or lateral) stripes being very prominent, particularly between 
the 1st and 9th abdominal segments. Crochets on prolegs are arranged in 
uniordinal uniserial circle. 

Pupa (Plate XXXVIII, figs. 3 and 3a) 

Length 14-19 mm., breadth 2 -3-3-0 mm. Body more or less smooth, 
creamy white when freshly formed, but later on changes to yellowisli-brown. 
Thorax with a dorsal median longitudinal ridge. Abdominal spiracles oval 
slightly raised and deep brown in colour. Spiracular reddish-bro\^Ti stripes 
faintly indicated. Last abdominal segment terminating in a prominent broad 
ridge, distal margin of which is armed with three small spines as indicated 
in Plate XXXVIII, fig. 3a. 

AduU (Plate XXXVJIJ, fig. 4) 

G. A. Bisset [1939] describes the moth as follows : 

Mah . — 25-27 mm. Dorsal and lateral surfaces of the palpi, thorax, 
abdomen and the upper surface of the fore-wing with seven darkish spots 
between the veins. Under-surfaces lighter to white. Hind wings white. 
Labial palpi projecting forwards more than twice the length of the head ; 
second segment twice as long as third. Head with a conical prominence 
ending in a short point ; undersides of prominence flattened, the edge of the 
flat surface being slightly produced in front to a point directly beneath the 
other. Antennae serrate and finely ciliated. 

Female. — 29-32 mm. Similar to male but fewer dusky brown scales on 
the fore-wing and the antennae simple. 

lilFB-HISTOEy 

The moth forces its way out of its pupal cell through the 'protected exit 
hole made for the purpose by the caterpillar before pupation. The adults 
become active at night when they mate, copulation lasting ten to twenty- 
three minutes. 

* Sketches presented in Plate XXXVTII were made by M. D. Siddiqi, Artist, Knto- 
mological Section, Lyaltpar, under the supervision of the senior author, 
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A female lays her eggs in clusters at night on the leaf-sheath near the 
upper nodal rings of the stem. They are arranged in rows and overlap each 
other like the scales on a bird’s leg (Plate XXXVIII, fig. 1). Each egg-cluster 
contains three to sixty-five ^gs. 

The number of eggs laid by a female varies greatly (Table I). 

Table I 


Ovipoaition record of Chile tiypetes Bisset at Ourdaepur 


Number 

Pairs 8 

From 

ileeved 

To 

Total 
number 
of eggs 
laid 

1 

31 July ; 

4 Aug. 1 

105 

2 

4 Aug. 

8 Aug. i 

182 

3 

6 Aug. 1 

10 Aug. j 

230 

4 

7 Aug. ' 

12 Aug. 

113 

5 

8 Aug. i 

1 

12 Aug. j 

198 


Thus a female is capable of laying 230 eggs in her life-time. 

The eggs usually hatch in the morning. The egg-stage occupies nine 
to eleven days (Table II). 


Table U 

Duration (in days) of egg-stage of Chile trypetes Bisset at Ourdaspur 


Number 

Eggs laid 

Eggs hatched 

Duration 
of egg- 
stage 




Days 

1 

4 Aug. 

14 Aug. 

10 

2 

5 Aug. 

16 Aug. 

10 

3 

9 Aug. 

19 Aug. 

10 

4 

13 Aug. 

22 Aug. 

9 

5 

16 Aug. 

26 Aug. 

1 

10 

6 

19 Aug. 

30 Aug. 

11 

7 

20 Aug. 

30 Aug. 

10 
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The larval stage Isists for forty-eight to sixty-four days (Table III). 

Table III 


Duration {in days) of larval stage of Chilo trypetes Bisset at Ourdaspur 


1 

Number | 

1 

Eggs hatched { 

1 

Larvae pupated i 

1 

Duration 
of larval 

1 stage 

1 

3 July 

5 Sept. 

Days 

64 

2 

14 July 

31 Aug. 

48 

3 

12 Aug. 1 

6 Oct. 

54 

4 

14 Aug. 

6 Oct. 

' 52 


Prior to entering into pupation a full-grown caterpillar constructs a 
pupal cell in the burrow in which it was feeding. The cell is internally lined 
with silken threads. It also provides the cell with an exit hole by cutting 
out a small circular piece from the rind of sugarcane stem and covering the 
hole thus made by a silken web. Afterwards it transforms itself into a pupa 
Table IV" gives the duration of the pupal stage. 

Table IV 

Duration {in days) of pupal stage of Chilo trypetes Bisset at Ourdaspur 


Number 

Larvae pupated 

Adults emerged 

Duration 
of pupal 
' stage 




1 )iiyri 

1 

j 2 Aug. 

10 Aug. 


2 

4 Aug. 

17 Aug 

13 

3 

1 9 Aug. 

16 Aug. 

ti 

4 

j 3 Aug. 

12 Aug. 

9 

— , 

• „ . _ . 

. - 

' 


Seasonal history 

The adults appear on the wing during June-July, deposit eggs and start 
the infestation. From July to October all stages of Chilo trypetes Bisset are 
met with in the fields, the pest completing one generation during this period. 
The moths of the second generation start emergence about September when 
they lay eggs and the caterpillars hatching out of these eggs descend to the 
basal portion of the cane in November where they remain till the following 
June, 
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Nature and extent op damage 

Chilo trypetes Bisset starts tat;tog toll of the crop when the plants are 
fairly grown tip and the internodes are well formed. 

The mode of entry of the caterpillars into the stem of sugarcane is quite 
peculiar. On hatching from the eggs they feed for a while on the buds situat- 
ed on the top first or second internode and then they bore into it (intemode) 
from near the buds (Plate XXXVIII, fig. 6c). They feed on the tissue first 
below the rind boring their way upwards (from the point of entry) in a spiral 
manner (Plate XXXVIII, fig. 5s) : externally this passage appears as a dark 
spiral streak, which on closer examination is found to be made up of a series 
of punctures (made by the caterpillars) lying side by side like the beads in a 
rosary. When about two-thirds of the internode is damaged in this manner, 
the caterpillars bore deeper into the softer tissue of the cane and feed by 
making a single, straight and central tunnel (Plate XXXVIII, fig. 5c). 

Up to the second moult the caterpillars feed gregariously when there 
may be twenty-seven to forty-two of them in a single bore. Afterwards they 
disperse and lead a solitary life. 

Injury by this borer is quite characteristic. In the beginning of the attack 
(i.e. when the caterpillars are feeding just below the rind (Plate XXXVIII, 
fig. 5s) the side leaves wither, but as the attack proceeds further (i.e. when 
the caterpillars have made a central bore (Plate XXXVIII, fig. 6c), the entire 
whorl of the leaves (including the central leaves) dries up and the crop 
presents a blasted appearance.* The attacked canes fail to grow. The dark 
spiral streak (Plate XXXVIII, fig. 5s) renders the afiected internode weak, 
which breaks off easily when shaken by wind or a passing animal. 

The damage by Chilo trypetes Bisset ranges from 16 to 20 per cent of 
the total crop during normal years, but in years of serious damage it may be 
as high as 50 per cent. The damage by this pest is at its maximum during 
August-September. Barani (rain-fed) crop suffers the most and, of the 
various Coimbatore varieties of sugarcane, Co 205 and Co 286 are the worst 
sufferers. 


Control 

Chilo trypetes Bisset is not a difficult pest to control. As mentioned 
above it spends the period from November to June as a resting caterpillar 
in sugarcane stubbles. Therefore simple, cheap and most effective method 
to deal with it is to plough up the sugarcane stubbles any time from Novem- 
ber to May with a furrow turm‘ng plough. The uprooted stubbles should be 
collected and destroyed whenever convenient before June. A clean-up 
campaign in the localities where it is a serious pest will prove very helpful in 
subjugating it. If possible ratooning of sugarcane in infested areas should 
be given up. 

When the attack is in progress all the damaged top shoots, recognisable 
by the symptoms described above, should be collected and destroyed. This 
is best done during July when the young caterpillars are feeding gr^ariously 
inside the top shoots. 

♦ In case of attack by other borers it is only the central shoot that dries up and is 
called a * dead-heart \ the rest of the leaves remaining quite healthy and green. 
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To check its ioroads into uninfested locahties seed cane free from Chilo 
irypeUs Bisset should only be imported. 

Aokkowlsdoement 

This work was undertaken at the suggestion of Khan Bahadur M. Afral 
Husain, Entomologist to Government, Punjab, Lyallpur (appointed Vice- 
Chancellor of the University of the Punjab in October 1938) to whom we are 
grateful both for suggesting the problem and for help and advice during the 
progress of this investigation. 

SuiOfABT 

Chilo trypetes Bisset (Pyralidae : Lepidoptera) is a new pest of sugarcane 
which was ^covered for the first time in the Pimjab in 1923 by M. Afzal 
Husain, Entomologist to Government, Punjab, Lyallpur. It has a restricted 
distribution and has so far been recorded from Sialkot, Gurdaspur, Batala, 
Pathankot and Mukerian (Hoshiarpur). It feeds only on sugarcane and 
shows special preference for barani (rain-fed) crop. 

Different stages of the pest are described and figured. 

The pest is active from June-July to October when it completes its life- 
cycle in sixty-three to eighty-eight days. The moths of the second genera- 
tion appear about September when they lay eggs and these give rise to 
caterp^ars, which remain in sugarcane stubbles from November to June. 

It begins to take toll of the crop when the plants are fairly grown up 
and the intemodes are well-formed. Damage by this pest ranges from 15 to 
20 per cent during normal years, but in years of serious attack it may be as 
high as 50 per cent. The leaves of the attacked cane dry up and the plant 
faUs to grow; it breaks off easily when shaken by wind or a passing animal. 

The pest can be controlled effectively by ploughing up the sugarcane 
stubbles any time from November to June. The uprooted stubbles should 
be collected and destroyed. In July the damaged canes should be removed 
and desfroyed to kill the larvae. 
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Introduction 

P ALMYRA palm or tarh, as it is commonly known in Upper India, grows 
abundantly in the province of Bihar. But unfortunately this spontane- 
ous and bountiful gift of nature has not so far been utilised to the fullest 
benefit of the population therein. About twenty years ago, Ghosh [1930] 
drew attention to this neglected source of sugar in Bihar and lamented over 
the fact that ‘ richly saccharine juices yielded by this tree are converted into 
toddy ’ providing a cheap intoxicating drink, freely indulged in by the lower 
class' people. On a most liberal estimate not more than 25 tu 30 per cent of 
the trees are tapped in Bihar for this purpose. 

The professional toddy tappers in this province belong to a community 
known as Pasis. The last census (1931) enumerated a population of 172,061 
Pads in the provinces of Bihar and Orissa of which 20,576 or 11-95 per cent 
were recorded to be earning their livelihood as toddy tappers and the rest 
were obviously their dependents. 

The present investigations were started with a view to finding out how 
the various types of produce from palmyra-palm could be profitably uti- 
lised to the betterment of the state of nutrition of the people. This could be 
effected by encouraging the consumption of those edibles comparatively rich 
in protective elements and by better utilisation of all the possible food pro- 
ducts from the tree. The present time seems to be a most opportune moment 
for dissemination of knowledge on the subject outlined above as with the intro- 
duction of prohibition in Bihar (and other parts of India as well) increasingly 
large number of men who had been eking out their miserable existence by 
tapping and vending the fermented juice {toddy), are finding themselves 
unemployed. Accord’ng to Blatter [1926], who has made an extensive study 
on the subject of the palms of British India and Ceylon, ‘every part of the 
palmyra-palm is turned in account in some way or other. By far the most 
important aspect of this tree is a source o food ’. 

824 
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Different edibles 

Nira . — This is the Hindusthani name given to the sweet unfermented 
juice obtained from the inflorescence of both the male and femal trees.* 
There is a common belief prevalent that the sap from male trees is sweeter 
than that from the female. Sethi and Ghosh [1932], fter analysis of s crose 
content of the juice of male and female palm at Patna and Sabour, state 
that though individual female trees have at times been found to yield a richer 
juice, usually the juice from female trees is weaker in sucrose content than 
that of the male. The authors of this paper could not confirm their findings 
as this investigation was started late in the season when the juice in male 
trees had dried up. Nira is a refreshing drink with pleasant sweet taste. 
On keeping without preservative in hot humid climate even for a short time 
it gradually turns turbid and slightly sour in taste. This is how’ the fermenta- 
tion begins. 

Tarhrka-koa . — This is the name given to the almost clear jelly-like albumi- 
nous fluid found within the shell of the young fruit. The fluid gradually 
hardens and assumes a white colour with increasing opacity, and develops a 
fibrous coat all round. During the hot months the soft gelatinous kernel 
(before hardening sets in) is supposed to be an exceedingly refreshing article 
of food. The pulp of the green fruit is sliced (minus the seed) and given to 
the cattle as a galactagogue in certain parts of this province. 

Ripe fruit , — The mesocarp or pulp of the ripe fruit is golden coloured, 
luscious, sweetish and pasty in texture. Poorer people at times consume 
it raw or else mixed with a little amount of sugar and flour and fried n oil to 
make t into sw^eet cakes. In Ceylon the pulp is spread over mat in a thick 
layer, dried in the sun and preserved for consumption during winter months. 
This dried and preserved pulp is known there as i^unnioo, 

OiUhli-ka-gudda , — This is the Hindusthani name given to the cream- 
coloured substance of cheesy consistency w hich develops inside the stone 
of the ri]>e fruit as soon as small roots can be seen springing out from the 
fibrous surface of the seeds. It has a sweet, pleasant, taste and liked by 
children. 

Seedlings . — When the seedlings are still very tender (about two to three 
months old) their beautiful parchment- like outer coating is removed and the 
pulp of stem is either boiled and dried in the sun or simply dried in the sun 
and then both of them ground into fine flour. The flour is made into various 
kinds of meals or gruel in South India and Ceylon. 

Chemical composition of edibles 

The estimation of protein, fat, carbohydrate, etc. were carried out 
according to the methods prescribed by the Association of the Official Agri- 
cultural Chemists [1930]. The assay of sugars was done by the w ell-know n 
reducing test by Fehling’s solution. The results are shown in Table I. 

It is evident from Table I that with the exception of nira the other edibles 
are rich in mineral matter. They are of course not very rich sources of calcium 
or phosphorus. The increased concentration of calcium in treated nira and 

* Similar sap from coconut (Cocos nuUfera)^ date {Phoenix dactylifera) and sago 
(Metroaeylcn sago) palms are also known as * mm 
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(jaggety) is due to the extraneous lime added as preservative. Further 
it appears tl^t limed ntru after decantation shows considerable loss of phos- 
phorus. Probably the phosphorus of the nira combines with calcium in the 
lime and settles down as a precipitate. 

The flour prepared from the seedling contains about 6 per cent protein 
and can compare very favourably with flour prepared from any other vege- 
table (particularly tubers). The food value of the preserved pulp more than 
justifles its introduction as an edible in areas where palmyra-palm is grown 
in abundance. 

Cabotxnb akd ascorbic acid 

The carotene and ascorbic acid content of nira, fresh pulp from the 
ripe fruit, preserved pulp, iarh-ka-koa and guthli-ka-gudda were assayed 
according to the methods detailed by the authors [Mitra, Mittra and Bay, 
1940], The results are given in Table 11. 

Table 11 


Estimation of carotene and ascorbic acid 


Name of the edible 

Carotene in mg. 
per 100 gm. 

1 -ascorbic acid in mg. 
per 100 gm. 

Freeh pulp of the fruit 

7*58 

24-0 

QttMi-ka-gudda 

0*04 

US 

Nira 

NU 

! 5-7* 

Preeerved pulp 

12-48 

12-1 

Tarh-ka-koa 

Nil 

13*1 


* Measured per 100 c.c. 


In the case of nira the maximum ascorbic acid content per 100 c.c. was 
found to be 14-6 mg. and 8* 1 mg. in a series of twenty-one estimations on 
different days with different samples. But the commoner findings were often 
in the neighbourhood of 6-0 mg. Sokhey [1939] working with coconut palm 
has found on average an ascorbic acid content of 8*0 mg. per 100 c.c. of 
fi»sh juice in Bombay. The fresh pulp seems to be very rich in carotene and 
ascorbic acid, and preserved pulp seems to be still ri^er in both the pro- 
tective elements. 

FeBHKNTATIOK and inversion of sugars in SIRA 

Of all the types of edibles available from the palmyra-palm nira is by 
far the most abundant and at the same time extremely unstable. Sethi and 
Ghosh [1932], after recording the yield from twenty trees for a period of three 
weeks, found that the average daily yield from a tree came up to 12*68 lb.es 
1 * 78 S. E.* Thus the daily collection of a Pasi tapping about fifteen trees 

* The mean and etaodaid error were oaloulated by the senior author from the table 
pf yield sa|^lied ip the text referred to. 
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comes to at least 160 lb. on a very conservative estimate. This large qusintity 
of precious juice could hardly be allowed to go to waste or converted into 
cheap toddy. The only alternative seems to be the preservation of the juice 
before its ultimate disposal. 

Fermentation, of the juice takes place by. the action of yeasts, moulds 
and bacteria which split up the disacoharides (usually sucrose) at first into 
monosaccharides by process of inversion (‘ invert sugar ’) and finally into 
alcohol. The degree of fermentation undergone by any liquid for purposes 
of comparative study can be measured either by assessing the number of 
yeast cells, moulds and bacteria in a known volume on a graduated haemo- 
cytometer slide under the microscope or by estimation of alcohol. The former 
method was found to be tedious and trying besides being inaccurate and was 
consequently abandoned. The alcohol was estimated by the usual methods 
of distillation and corrections for temperature, etc. made according to the 
table compiled by Jenkins [1927]. 

With the beginning of fermentation this almost transparent sweet and 
pleasant beverage turns into an opaque and frothy juice with a slightly acid 
and pungent taste, commonly known as toddy. If the temperature eondi* 
tions be suitable the amount of fermentation is a function of time. It was 
found on the average that the juice or sap with a sucrose-content of 12*4 
gm. per 100 c.c. yielded 8-51 per cent proof or 4-88 per cent by volume of 
aleohol after thirty hours’ fermentation and 1 1'61 i)er cent proof or 6-40 per cent 
by volume of alcohol after complete fermentation has taken place in five 
days’ time under ordinary room temperature at Patna in the hot and humid 
month of July. It has been previously observed by Annefct et al. [1916-21] 
in the case of date-palm juice that though fermentation or formation of alcohol 
may be arrested by some chemicals yet the inversion of the valuable sucrose 
in the juice may persist through the action of the enzyme invertase rendering 
the juice (or the gur prepared therefrom) less sweet and consequently depre- 
ciating its ultimate commercial value and attractiveness. This has been found 
to be true in the case of palmyra-palm juice also. Nira as it trickles down 
from the tree has an acid reaction and the pH was found to vary between 
6-0 and 4-6. Nightly collection of nira in smoked pots early in the morn- 
ing before. sunrise gave an acid reaction and the pH was found in the neigh- 
bourhood of 4*6 to 4*0. Fermentation and hydrolysis of sugars in the juice 
completely stopped when the pH was 8 • 0 or over. 

Collection of ifisA 

For the purposes of this investigation the sap was daily collected in 
earthenware pots, ‘ laAni ’, commonly used by the tappers. The pots W'ere 
fixed on to the tree for the collection of the juice every evening immediately 
before dusk and brought down to the laboratory for analysis at about quarter 
to five in the next morning. The samples were analysed and preservative 
added immediately on arrival. The eifect of the preservative on the juiep 
was studied after ten hours, i.e. at 3 p.m. on the assumption that wiidiin i|ien 
hours of collection the juice would be disposed of either for immediate con* 
Pumption as a drink or ultimately deposited in the boiling pan for manpfau- 
tute of gur or jaggery. 
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Every afternoon before sending out the pots for collection they were 
emptied out of their contents, washed with water, both inside and outside. 
The pots were then half filled with water, heated to boiling point and kept 
on boiling for at least fifteen minutes. The pots were subsequently emptied, 
heated on open Bunsen flame to kill all residual and yeast cells. Finally 
the pots were smoked over burning straw and leaves. It was found out 
by experiment (estimation of alcohol) that pots treated in such a way behaved 
as good as new pots as far as fermentation w as concerned. 

The amount of invert sugar in the juice collected in smoked pots and 
without any other preservatives at night was found generally in the neigh- 
bourhood of 0*5 gm. and at times exceeded 0*6 gm. per 100 c.c. in the morn- 
ing. Sometimes this sugar \vas found to be in the neighbourhood of 0*4 
gm. per lOo c.c. of the juice or even below^ this level. 

On the assumption that the estimation of sugars in the morning collec- 
tion of nira even in smoked pots is not likely to furnish a correct picture 
of the sucrose content of the juice as it trickles from the tree and basing on 
the authors’ experience (discussed later) that lime completely stops, hydro- 
lysis collections were made from the same tree in excessively limed and un- 
limed (control) pots during the night. It was found that the juice in the 
limed pots contained as little as 0*05 to 0*06 gm. of invert sugar per 100 
c.c. which did not comprise even 0*5 per cent of the total sugar content 
of the juice. The juice in the control pots showed as usual ten times the 
amount. The spathes were thoroughly washed with clean w’^ater before the 
pots were tied for the night. 

Preservath^e of choice 

An attempt was made to find out a non-poisonous chemical w hich would 
not only arrest fermentation but also effectively stop inversion of sugar. 
Table III summarises the results of investigation w ith six different types of 
the more common preservatives tried by the authors. In each case pure 
E. Merck chemicals were used except in the case of slaked lime. Ordinary 
bazar lime with a calcium content of 51 *45 per cent in finely pow^dered state 
and devoid of grits was used throughout the investigation. The formalin 
used being 40 per cent of solution of formaldehyde. 

In each case the minimum dose of the preservative effective in arrest- 
ing fermentation for ten hours had to be individually worked out by different 
sets of preliminary experiments. Though tapped from the same tree the 
samples of nira used w^ere collected on different dates. The invert sugar- 
content of the mra in the experiments detailed above varied from 0*5 to 0-6 
gm. per 100 c.c. and in two cases it exceeded 0*7 gm. per 100 c.c. When 
the invert sugar-content of the juice in the morning was found to be in the 
neighbourhood of 0*4 gm. per 100 c.c. proportionately a much smaller dose 
in each case was needed to effectively stop fermentation for ten hours. Further 
with a juice having an invert sugar-content of 0*5 to 0-6 gm. per 100 c.c. 
the fermentation could be arrested for twenty-four hours, if need be, by doses 
bigger than that shown in column 2 of Table III. Table IV gives the dosage 
of the different chemicals necessary to arrest the fermentation in both the 
cases. 



Table 111 

Effect of chemicals on fermentation and hydrolysis of sugars in 200 ex. of nira »» 10 hours 
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Table IV 

Dosage of chemicals necessary to arrest fermentation in 200 c.c. of nira 


Different preservatives 

Minimum dose required to arrest fermenta- 
tion in mra 

Containing 0*4 gm. 
(app.) invert sugar 
per 100 c.c. 

1 

Containing 0*6 gm. 
(app.) of invert sugar 
per 100 c.c. 

Slaked lime 

0*20 gm. 

0*26 gm. 

Boric acid 

0-30 „ 

0*60 M 

Formalin 

3 drops 

6 drops 

Benzoic acid 

0*07 gm. 

i 0*15 gm. 

Na-hydrosulphite 

0*03 M 

0 05 M 

Salicylic acid 

0*08 „ 

i 

0*17 „ 


It appears from the study of Table III that slaked lime, of all preserva- 
tives, tends to stop the fermentation of nira and also the inversion of sucrose. 
The effective dose 0*25 gm. per 200 c.c. comes to about 87 • 6 grains per gallon. 
Even if this quantity be exceeded it can exert no poisonous effect on the 
system. 

When the requisite amount of slaked lime is added to nira and the solu- 
tion is well shaken a precipitate is formed which settles down in twenty to 
thirty minutes leaving the supernatant liquid clear. This precipitate consists 
of colloidal matter and a large proportion of the phosphate and very little of 
nitrogen as would appear from Table I. With all the other preservatives 
tried the juice remain^ turbid all through. 

Benzoic and salicylic acids according to the authors^ experience were 
the most difficult antiseptics to tackle. Before they could exert any anti- 
septic action complete pulverisation was essential. Further, being insoluble 
in water, they could not effectively stop fermentation when placed inside the 
collecting pots in the evening. They could only exert their preservative 
properties when thoroughly sh^en with the juice in wide-mouthed-glass-stop- 
pered bottles inside the laboratory. Formalin and sodium hydrosulphite were 
very effective in stopping fermentation in small doses but could not prevent 
hydrolysis of sugars. 

Lime is best put inside the pot as a thin coating and it was found essential 
that the same should remain moist till the trickling of the juice inside begins, 
otherwise part of it was converted into inert calcium carbonate. It was also 
invariably found that some amount of lime at the top remained undissolved 
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by the juioe. Another difficulty was that the total volume of secretion of 
the nightly juice could not be definitely anticipated in the evening when the 
pots were tied on with the preservatives. 

Provided the number of collecting pots in one tree remained constant 
and the temperature conditions did not undergo material alteration it was 
not found difficult to roughly estimate the amount of juice anticipated and 
consequently the dosage of Ume. In the authors’ series the average collec- 
tion with four pots and subsequently two pots from one tree spread over a 
period of months came up to 306 c.c., 416 c.c. and 517*2 o.c. respectively. 
The details are shown in Table V. 

Approximately in a pot (labni) of 2-litre capacity 1*0 gm. of slaked lime 
was found to prevent hydrolysis and fermentation completely in a collection 
of about 600 c.c. during the night. Slight overdosing of the pots with lime 
has to be done for reasons stated above. In case the collection turns out to 
be too small resulting in overdosing of the juice it should be remembered that 
calcium compound with sucrose can be decomposed with carbon dioxide 
without the sweetness being impaired. But once inversion starts sucrose 
is irreparably lost. 

The ascorbic acid is one of the most important constituents of the fresh 
juice from the aspect of nutrition in children. The effects of the various 
preservatives on this vitamin has been worked out and the results incor- 
porated in Table III. The figures estimated after treatment w'ith sodium 
hydrosulphite were misleading as this particular preBer\’^ative was found to 
exert reducing action on the dye 2 : 6 dichlorophenolindophenol, no reliance 
could thus be placed on the results of titration. Another interesting observa- 
tion was that ordinary slaked lime in the concentration recommended as a 
preservative does not completely destroy vitamin C in the nira. 

Table V 

Average nightly collection, of the juice in c.c. 

Average per pot in c. c. 

Period of ooUeotion Number of 



pots tied 

Mean 

S. E. 

Middle of June to middle of 
July 

4 

306-0 ! 

1 

11-96 

Middle of July to 1st week 
of August 

4 

416*6 

9-62 

2nd to 4th week of August 

2 

617*2 

17-07 


An attempt was made to estimate the amotmt of levulose ordinarily 
present in mra. Of all the tests mentioned by Clarke [1934] the resorcinol 
test and ammonium molybdate test seemed to be of practical importance. 
But in the former case heating with concentrated hydrochloric acid always 
resulted in hydrolysis of the sucrose-content and thus the amount of fiw 
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levulose present oould not be estimated. The latter test though said to be 
a specific for levulose could not be used for estimation in this case as it was 
found to yield unsatisfactory results in cases where levulose content wa^s low. 

Discussion on the findings 

Except the preparation of the flour from the seedling and the preserved 
pulp all the edibles from the tree are consumed in some parts of this 
province. Now that the nutritive value of the edibles are known, people all 
over (wherever this tree grows wild) and the professional vendors particularly 
should be advised as how to utilise the produce to their best advantage 
both from economic as also health point of view. People may also be advised 
to store the ripe fruit as preserved pulp. 

The main point in the problem is the ultimate disposal of nira. Indiscri- 
minate propaganda on the use of nira as a fruit drink is likely to yield doubtful 
results. As in localities where one pound of nira costs as much as one pound 
of milk (this condition does exist in certain parts of Bihar) the latter should 
be given preference. Then again the people have to be educated into nira- 
drinking habit and arrangements made for the transport of the juice to bigger 
towns and cities for consumption. Tn rural areas very few people are rich 
enough to pay for such (fruit) drinks. 

Recently Sokhey [1939] has suggested the preparation of levulose from 
mm, advantage being taken of the fact that in nira, fermentation may be 
stopped, but hydrolysis may be allowed to proceed by invertase so that sucrose 
be converted into equal parts of glucose and levulose. Levulose is a very 
costly sugar and may well repay the efforts but its manufacture is not possible 
unless a well-equipped factory arranges for the transport and regular supply 
of the juice and its conversion into levulose. 

The other possible alternative seems to be to convert it into gur or 
jaggery according to the practice followed in Ceylon and at present in certain 
parts of Madras and Bengal. The details of the methods of gnr making and 
its advantages are available from the reports of Gokhale [1920], Sethi and 
Ghosh [1932] and many others. If seriously worked out as a cottage industry 
gi^r-making w'ould help in raising the economic standard of the Pasis and 
thereby consolidating the efforts for the success of prohibition. 

SUM^tfARY 

All the different edibles from palmyra-palm were analysed chemically 
with a view to finding out their nutritive value. The most abundant produce 
from the tree was found to be the nira or the sw eet sap exuding from the 
crushed inflorescence of both the male and female trees. 

JVfro, unless quickly treated wdth preservatives, ferments easily in ordinary 
temperature to form toddy^ a cheap alcoholic drink popular with the lower 
classes. Of all the preservatives tried, slaked lime w as found to be the most 
easily available, cheap and efficient in arresting fermentation as also hydro- 
lysis of sugars. The minimum effective dosages of the other preservatives, 
e.g. boric acid, formalin, benzoic acid, sodium hydrosulphite and salicylic 
acid have also been worked out. Except slaked lime none of the others 
could prevent hydrolysis of sugars, The pots should be w ashed and smoked 
dPrily. 
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Nira ae it trickles down from the tree contains about 6 • 0 mg. ascorbic acid 
per 100 c.c. The sugar>content is about 12 per cent. It contains no carotene. 

The pulp of the ripe fruit as also the preserved pulp {punatoo in Sinhalese) 
are rich sources of vitamins A and C. The flour made out of the seedling 
(two or three months old) compares favourably with other common flouts 
made out of root vegetables (tubers). Our prepared from limed nira obtained 
from Jafiha (Ceylon), Bengal and Bihar have also been analysed and found 
to be rich in mineral matter, specially calcium. 
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D etermination of leaf areas of plants is one of the subjects that re- 
ceived the earliest and somewhat insistent attention at the hands of plant 
physiologists, as a result of which considerable degree of refinement and 
accuracy has become possible ; but many of the methods have been rendered 
difficult of application for developmental studies in field plants. The methods 
of Kidd, West and Briggs [1920] and of Watson [1937] necessitate the removal 
of leaves from the plant body and are not quite suitable for growth observa- 
tions. Those of Frears [1936], Withrow [1936], Mitchell [1936] and Kraemer 
[1937] require the use of costly photo-electric apparatus and are ill-suited to 
field-scale operations. Gregory [1921], on the other hand, studied the correla- 
tions of a number of linear and angular measurements of the leaves of Cucumm 
eativua and formulated certain empirical relationships between them and the 
actual area. He found it necessary to use different formulse for leaves of 
different ages which greatly reduced their direct application to field plants. 
A quick and reliable method satisfying this last requirement is still to be 
sought ; and this note embodies the results of efforts made in that direction in 
the course of studies on the water requirements of Cambodia cotton. 

Methods and matkrial 

The material for the various measurements was derived from a field of 
Cambodiacotton(G.AtVsu<umL.) plants grown during 1934-36. The crop, at 
the time of sampling, was about four months old. The followng criteria were 
tested by actual measurements with a view to finding out how far each consti- 
tutes a reliable measure of leaf areas of cotton. 

1. The area of the rectangle enclosing the entire leaf (Fig. 1). 

2. The area of the rectangle the sides of which are formed by the length of 
the mid-rib and the maximum breadth between the basal lobes (Fig. 2). 

3. The area of the rectangle whose sides can be represented by the length 
of the mid-rib and the breadth between the tips of the second and fotirth lobes 
(Fig. 3). 

4. By actually matching each leaf, the area of which is to be measured, 
against artificially prepared standards of known area cut out of ordinary 
o^boards. 

The first three are self explanatory and do not require to be described. 
The last one is detailed briefly «ub imder. 
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frora\hc ^ ^^y^ collected 

cSulIv on , n ^^fbodia plants and their individual outlines sketched 

S tux 100 sketches was 

S Xtwn tL. ^TT ^y » planimeter, and the average 

carefully chc)sen^o^aI'to^.^^^f > sketch . Thirty of these sketches were 

that the siTnali^> + 1 4-1, ascending scale of areas. It was found 

sq cm ^ -nd the largest was about 2S0 

about 6 to 7 sa^o^ successive sketches in the scale being 

probable ^ctp^r*amon!rTh^*^V^ ^ measured, is then matched against its 
taken to be the area of tht T*^ ^ 

.q. cm WM 17* ”? '^7 *''' ”■>* “O" »» » 

occurrence. With a little evn greater divergences were of very rare 

mcorfed in thi. note mnmeent on{°S °l,-^-** ° f” ““ 




V] METkOD OF MEASC REMEN T OF LEAF AREAS OF PLAN1?S 887 

Results 

In Table 1 are given the results of measurements of forty-five leaves by 
methods 1, 2 and 3, while in Table II are given the areas of 100 leaves as 
measured by the cardboard method (4). In each case the corresponding areas 
as measured by the planimeter are also given for comparison. 

Before discussing the results it may be pointed out that the first three 
methods do not give actual areas themselves but give only relative values of 
each area measured. The last method, on the other hand, gives what can be 
regarded as random estimates of the areas measured. 

All the measurements have been statistically analysed and the correla- 
tion and regression coefficients obtained between the planimeter values and 
those worked out by methods 1, 2 and 3 are given in Table III. It will be seen 
that in all cases the correlation is high and significant. The percentage error 
of the regression varies from 4 - 9 to 3* 7 for methods 1 and 2 which is not greater 
than that obtained by Gregory [1921]. In method 3, however, the error is 
(jonsiderably higher. It would, therefore, appear that for Cambodia leaves 
and leaves of similar shape, the complicated angular measurements used by 
Gregory can be dispensed with. 

Further values by regression equation (Table I) were calculated for 
methods 1-3 and the standard deviations of the deviations of the estimates 
from the actual planimeter readings were worked out. For method 4 calcula- 
tions were made separately for leaves below 50 sq. cm., between 50 and 100 
sq, cm. and above 100 sq. cm. in area with a view to examine more closely 
the j)ereentage error involved as the area of the leaf increases. The results 
are tabulated in Table IV. 


Table 1 

Actual and calcidahd areas of cotton leaves (30 to 60 days old) in sq. crn. 


Area calculated by different Area derived from regression 

Actual area as methods equation 

measured by , 

planimeter ' ' " j 



Method 1 1 

Method 2 

Method 3 | 

Method 1 

Method 2 

Method 3 

1 

40-8 

56*9 

54*8 

38*5 

42*9 

43-7 

54*9 

42-9 

63*2 

62*4 

52*1 

46*3 

49*0 

61*3 

46-2 

65*6 

64*8 

60*7 

47*5 

50*6 

66*4 

66-6 

100*0 

84*5 

82*7 

57*8 

64-2 

76*7 

69-6 

90*6 

89*9 

68*7 

60*8 

67-9 

69*1 

70-7 

112*0 

87*7 

95*5 , 

72*2 

66*4 

81*7 

73-9 1 

112*2 

101*0 

90*0 

72*2 

75*6 

79*1 

76*3 

130*0 

106*1 

109*1 

78*7 

79*1 

88*1 

84*9 

127*5 ! 

98*9 

106*6 

80*3 

74*1 

86*9 

88*1 

139*9 ) 

122*9 

110*3 

86*9 

90*7 

88*7 

88-9 

130*0 

119*8 

116*5 j 

85*7 

88*5 

91*1 

91*3 

150 *1 

129*3 

106*0 

92*3 

96*1 

86*6 

93*3 

164*8 

123*8 

119*3 

! 

94*8 

91*3 

93*1 
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sis 


Actual area as 
measured by 

Area calculated by different 
methods 

Area derived from regression 
equation 

planimeter 

Method 1 

Method 2 

- - 

Method 3 

Method 1 

Method 2 

Method 3 

94*0 

168*7 

126*7 

100*9 

96*9 

93*3 

84*3 

97*5 

167*4 

126*4 

136*3 

96*2 

93-1 

100-0 

97*6 

164*9 

129*9 

131*0 

94*9 

95-S 

98*4 

97*7 

161*6 

1 109*4 

139*2 

98*4 

93*4 

102*2 

99*6 

169*7 

120-2 

143*9 

102*8 

95*0 

104*6 

100-3 

166*1 

; 142*7 

139*2 

100*3 

104*3 

102*3 

101*7 

170*6 

127-0 

187-0 

103*2 

97*5 

101*2 

102*6 

182*3 

144*0 

169*3 

109*4 

105*2 

111*7 

103*2 

163*8 

136-3 

141*9 

99*6 

99*2 

103*6 

104*8 

182*1 

147*4 

161*5 

103-1 

107*6 

112*7 

112*8 

184*9 

139*6 

158-9 

110*8 

106*2 

111*6 

116*6 

190*3 

169*7 

160*0 

113*6 

116*1 

107-3 

117*2 

192-7 

154-4 

166*6 

114*9 

112*4 

110*0 

117*8 

180*9 

169-7 

168-7 

113-6 I 

123*0 

111*4 

117*9 

186*0 

163*2 

146*5 

111*3 

118*6 

106*7 

118*1 

217*1 

182*1 

190*0 

120*8 

121*6 

126*1 

118*3 

208*8 

193*4 

161*2 

124*4 

129*3 

112*6 

120*0 

200*2 

176*6 

182*1 

118*9 

127*0 

122*4 

120*4 

206*7 

167*9 ' 

176*0 ; 

122*3 

121*7 

119*5 

120*8 

206*8 ; 

179*1 ; 

174*2 ; 

121*3 

129*6 

118*7 

121*3 

178*2 

164*1 1 

146*1 . 

117*2 

112*2 

106*5 

121*8 

226*2 ; 

160*3 1 

184*9 

122*6 

116*6 

123*7 

126*3 

204*3 

174*0 ' 

182*4 

121*0 

126*9 i 

126*6 

131*4 

232*1 

182*4 

187*2 

136*7 

131*7 

124*8 

133*6 

224*0 

177*6 1 

188*4 i 

131*5 

128*4 

125*4 

136*9 

232*4 

182*7 1 

203*3 1 

136*9 

131*9 : 

132*4 

136*6 

220*3 

164*7 ' 

192*6 1 

129*6 

119*6 ! 

127*4 

137*7 

256*7 

204*6 

206*7 , 

136*8 

147*0 

133*6 

146*2 

232*6 

191*0 

170*2 

136*0 

137*7 

116*8 

162*6 

297*2 

211*7 i 

247*0 

170*3 ; 

161*9 

162*8 

162*8 

266*1 

233*6 ! 

214*7 

156*8 

167*1 

167*7 

177*4 
Average 106*2 

289*6 

176*3 

266*7 1 

146*4 I 

322*1 

147*6 

169*2 1 

i 

173*0 

189*2 


Table II 


Actual and calculated areas of cotton leaves (10 to 60 days old) in sq. c m. (method 
_ _ ^ — cardboard method) 


Actual area by 
plariimeter 


14*6 

16*7 


Calculated area 

Actual area by 
planimeter 

! 

Calculated area 

i 

14*6 

17-6 

1 19*4 

16 *0 

10-2 

1 20*5 

i 
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Table II — contd. 


Actual area by 
planimoter 

1 

Calculated area 

1 Actual area by 

planimet(3!- 

Calculated area 

23*3 

23*0 

82'1 

83*0 

32* 1 

31*7 

82-7 

82*0 

33*8 

34-8 

86*7 

88*0 

34-9 

36*3 

86-9 

88*0 

35*4 

36*0 

87*6 

87*6 

41*0 

41*9 

87*8 

87*0 

44*3 

45*2 

87-8 

89*2 

45*1 

47*7 

88*9 

88*7 

48*0 

47*5 

; 92*7 1 

93*3 

481 

49-6 

93-7 

94*8 

44*6 

45 • 7 

931 

92*6 

45*6 

46*7 1 

99-3 

101*0 

44*4 

46*4 1 

100*8 

100*0 

49*8 

48*0 

101 -7 

101*6 

46*7 

47-2 

107*1 

110*3 

53-9 

54 0 

108-6 

107*0 

63*2 

64*5 

110*8 

113*3 

54*4 

640 

114*2 

117*3 

64*8 

66 0 

115*5 

117*3 

65-3 

53*6 

117*9 

117*8 

56*3 

65*5 

118*1 

1 120*3 

69*3 

61*0 

115*2 

' 113*3 

69*7 

61*0 

115*3 

117*3 

69*9 

61*0 

113*1 

114*3 

60*2 

60-6 

120*0 

123*3 

62*6 

62-8 

120*7 

122*3 

62*7 

63-2 

121*4 

120*3 

63*5 

63-2 

122*2 

1 122*3 

64*0 

65-3 

120*8 

1 123*3 

CtM 

67*8 

129*1 

127*6 

66*2 

65-3 

124*6 

127*3 

66*9 

68*6 

131*3 

133*0 

66*6 

66*6 

131*4 

129*6 

68*4 

69*6 

132*0 

136*5 

70*2 

71*2 

134*6 

133*6 

70*7 

72*8 

136*5 

135*3 

71*3 

70*3 

137*5 

139*3 

71*4 

73*2 

137*7 

135*0 

72*2 

73*8 

133*3 

i 136*3 

73*6 

76*5 

138*6 

142*0 

73*2 

74*6 

1 144*5 

j 146*6 

76*2 

74*0 

147*1 

149*6 

76*3 

76*8 

143*8 

* 144*6 

77*3 

77*2 

; 148*3 

1 148*6 

78*6 

79*6 

154*6 

156*0 

79*3 

81*2 

; 160*7 

162*6 

79*6 

80*0 

169*6 

168*6 

81*1 

79*3 

120*7 

124*3 

Average , 


j 86*86 

87*44 
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Table III 
Statistical analysis 



Methods 



Head 

1 

2 

1 

3 

4 

Correlation between j)Iani- 
meter value and those got 
from different methods 

0 -96^:0 01 

0-97±0 006 

0-78±0-04 

0-96±0 003 

1 

Kegression coefficient of ac- 
tual on calculated 

0-63±0-026 

j 0'69±0 026 

0-47d:0 066 


Percentage error of regression 

4-9 

37 

11*9 



Table IV 


Staiistical analysis — contd. 


Head 

( 

Methods 

1 

2 

1 

3 

! 4 

1 

1 Below 60 

I sq. cm. 

60 to 100 
sq. cm. 

Above 

100 sq. cm. 

Standard deviation per 
cent 

6-6 j 

1 

1 

7'0 

9-3 

i 

3-26 

1 

1*61 

1-37 


It will be seen from the figures that standard deviation is greatest in me- 
thod 3 and least in method 4; and further, in method 4 the error decreases with 
increase in leaf area. It is therefore clear that a greater precision in the mea- 
surement is possible by method 4. This feature and the ease with which the 
leaves can be handled and measured commend its adoption. It has been ob- 
served that for large-scale measun^ments of leaf areas, it was possible to 
complete, by the cardboard meth(»d, the measurements of as many as thirty- 
three plants with fifty leaves in each during a period of five hours which 
works out to more than five leaves per minute. 
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Summary 

A simple method for measuring leaf areas of cotton plants, named the 
cardboard method, is described. This method has been found to be easier 
and to consume less time without any loss in accuracy. Its special advantage 
is the measuring of leaves in situ without detaching from plants and without 
causing the slightest injury to them such that the progressive growth as in- 
fluenced by the different treatments of an experiment could be studied in one 
and the same plant material. 
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LINKAGE EELATIONS OF THE WHITE-POLLEN FACTOR 
IN ASIATIC COTTONS 

BY 

G. K. GOVANDE 

Economic Botanist to Government^ Baroda 
(Received for publication on 6 April 1940) 

Intboduotion 

^ I ^HE present studies were undertaken during the author’s studentship period 
at the Institute of Plant Industry, Indore, in 1934. Preliminary work 
was done there but the results being inconclusive the material was carried to 
Baroda later in 1937. The inheritance of the white-pollen factor in a strain 
Cocanada 45 was shown [Ayyar and Balasubrahmanyan, 1933] to be due 
to a single-factor difference, the yellow colour of the pollen being dominant, 
and the same strain was further worked upon to find out linkage of the 
white-pollen factor, if any, with other factors. 

Material 

The strain Cocanada 45 was crossed with strains differing from it in a 
number of simply inherited genes with the object of discovering linkage rela- 
tions of the white-pollen factor. Many strains were originally used for this 
purpose but only those which gave conclusive results are mentioned below with 
their constitution. 


Constitution 


Strain 

Corolla 

Antho- 

Loaf 

Lint 

Leaf 

Pollen 


colour 

cyanin 

pigment 

shape 

colour 

necta- 

ries 

colour 

Cocanada 45 . 

Y 

R8 

1 

k 

ne 

yp 

A8 Burma lociinated 

Y 

Bl 


K 

Ne 

Vp 

N6 multiple recessive 

y tg 

Results 

1 

k 

ne 

Yp 


The hybrids of the crosses involving both A8 and N6 with Cocanada 
45 were fully dominant for the characters concerned. The summary of the 
results of the same grown to Pg and Pg generations is presented in Table I, 
The data for the pollen colour and the leaf nectaries in A8x Cocanada 
45 crosses show a significant deviation from the normal 9: 3 : 3 : 1 dihybrid 
ratio, indicating a linkage of the coupling phase between the two factors 
with a cross-over value of 18. 3 per cent in the Pg and 14* 7 per cent in the Pg 
generations. That the whole of the discrepancy was due to linkage and not 
due to any disturbance in the single factor ratios was confirmed by partitioning 
the for three degrees of freodom into its components in a manner shown 
by Pisher [1936]. x* for the linkage degree of freedom alone was found to be 
very large and significant in each case. As regards other characters, namely 
leaf shape and lint colour in the same crosses and anthocyanin pigment and 

m 
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petal colour as studied in NGxCocanada 46 crosses, with a comparatively 
smaller population, the deviations from the expected ratio are not significant, 
thus giving no evidence of linkage between any one of these characters and 
pollen colour. 

Table I 


TwO‘f actor ratios in crosses of Cocafiada 45 x A 8 and Cocanada 46 x N 6 



White 

pollen 

and 

Yellow 

pollen 

X X 

White 

pollen 

X I a; 

I 

Total 


F 

F-, A8 X Cocanada 









45 

Ne-ne Obs 

341 

47 

38 

87 

613 

164*01 

V. small 


Li- l Obs. 

295 

94 

94 

30 

513 

0*37 

Large 

Fo, A8 X (bcanada 

K-k Obs. 

289 

96 

86 

34 

505 

1*09 

Large 

45 

Ne-ne Obs. 

662 

48 

61 

141 

812 

310*82 

V. small 


LI -1 Obs. 

314 

76 

101 

29 

519 1 

7*29 

>0*05 


K-k Obs. 

270 , 

76 

77 

34 

467 

3*66 

Large 

F-, N6 X Cocanada 








45 

R8-r« Obs. 

38 

12 

7 

5 

62 

2*46 

Large 


Y-y Obs. 

37 i 

14 

10 

1 

62 

2*97 

Large 

Fg, N6 X Cocanada 



1 





45 

R-r8 Obs. 

20 

7 i 

7 

2 

36 

0*05 

Large 


y-y Obs. 

1 

8 

8 , 

1 

36 

1*23 

1 

Large 


Summary 

Cocanada 45, a strain with white pollen was crossed with both A8 Burma 
laciniated and N6 multiple recessive in order to discover the linkage relations 
of the white-pollen factor in Asiatic cottons. No back-cross data are available, 
but other results obtained are presented here which show a clear evidence of 
linkage between the white pollen and leaf nectaries with cross-over values of 
18 3 per cent and 14-7 per cent in the Fg and F^ generations respectively. 

As regards other genes, namely that for petal colour, aiitliocyanin pigment 
leaf shape and lint colour the deviations from the expected ratio are not signi- 
ficant, indicating occurrence of free assortment, a record of equally great im- 
portance. 
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(With four text-figures) 

T he success of field experiments depends not only upon the inclusion 
amongst treatments to be tested of all such factors upon which informa- 
tion is desired, but also upon the adoption of suitable forms of layout, for, as is 
well known, the application of even the most elaborate methods of statistical 
interpretation cannot overcome the disadvantages of an unsatisfactory design. 
There is no lack of evidence to show that soil-heterogeneity is a phenomenon of 
universal occurrence, and unless due consideration is paid to this factor the 
results of field experiments are liable to be inaccurate. There are two forms of 
soil-heretogeneity, viz. casual and permanent. An increase in the plot-size, 
maintenance of absolute uniformity in agricultural operations, correcting the 
surface level, etc. will remove most of the unfavourable eflTects of casual soil- 
heterogeneity. The permanent differences, irrespective of the type of crop 
grown, are independent of such factors, and are found to persist under all 
conditions. Their effects can be minimised onlv by adopting a suitable lay- 
out. In actual practice it is not uncommon to meet with both these types of 
fertility variations on one and the same piece of land. Examination of data 
from soil-uniformity trials has led a number of workers to conclude that gene- 
rally speaking soil-fertility varies in particular directions. In all such cases it 
is a matter of considerable importance so to devise the layout that the effects 
of permanent differences owing to drift in soil-fertility are eliminated to as 
great an extent as possible. Some investigators who have devoted attention to 
this problem have suggested that this object can be attained by the provision 
of a fairly large number of replications in the trials. This, however, is not al- 
ways practicable. Further, if the land acquired for providing additional re- 
plications differs considerably in fertility from that available for the original 
number of replications, the reduction in error aimed at by increasing the 
number of replications will not be proportionate. This fact has been clearly 
brought out by Lander, Ramji Narain and Azmat Singh [1938]. The possi- 
bility of eliminating these effects by a suitable layout of blocks and plots within 
blocks, however, has not received sufficient attention. It is true that the size 
and shape of blocks as also of plots within blocks, depend very largely upon 
certain practical considerations, e.g. the size and shape of the area available, 
the existing position of irrigation channels, roads, etc. yet even within these 
limitations a certain amount of choice is still available which can be exercised 
in a manner that is likely to increase the precision of the experiment. 
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A soil-uniformity trial with chari was conducted at Rawalpindi in kharif 
1936. On the basis of the data obtained an attempt has been made in the 
present paper to present a number of alternative designs which were possible 
on this area and to discuss the merits of each design with a view to deciding 
upon the most suitable form of layout. 

It is well known that the degree of precision of an experiment depends 
largely on the extent to which plots of as uniform a fertility as possible are in- 
cluded within any one block. Wishart and Sanders [1935] have discussed the 
merits of both square and oblong plots and, keeping practical considerations 
in view, have concluded that so long as areas of fairly uniform fertility can be 
provid^ for different blocks, the size and shape of the blocks and of ultimate 
plots become essentially a question of convenience. In other words, according 
to these authors, soil-uniformity within the blockexercises a far greater influence 
in reducing the error than the actual size or shape of plots or blocks. 

In order to take away the maximum fertility differences of the land the 
modem field experiments require the blocks to be so laid out as to follow each 
other along the line of the fertility gradient. It is further emphasised that 
plots within any block should be as similar in fertility as possible and should lie 
lengthwise in the direction of greater change in soil-fertility, further Fisher 
and Wishart [1930] have pointed out the necessity of having blocks as compact 
as possible in form. According to them long, narrow blocks are less suitable. 
In certain cases, however, as discussed below, greater precision is obtained, if 
taking into consideration the variation of soil fertility in particular directions 
the blocks or at least some of these are made long rather than compact. 

SOIL-UNIFOBMITY TRIAL DATA 

The trial supplying the data examined in this paper was carried out on a 
piece of land measuring about four acres and the croj) was harvested from 140 
plots numbering 1, 2, 3. .140, each plot being 36 ft. x 30*25 ft. or l/40th of 
an acre in size and arranged in the order shown in the plan given below. The 
yield corresponding to each plot is also given in the plan. 




126 

99 

98 

71 

70 






127 

6-7 

6*6 

6*6 

6*2 

7*2 

7*4 , 






128 

61 

4*6 

6*1 

5*4 

6*7 

7*1 i 






129 

4*9 

4*9 

6*8 

4*9 

6*3 

6*7 

43 

42 

15 



130 

4-7 

4*6 

6*8 

6*0 

6*8 

6*9 

7*9 

10*7 

9-7 

9*9 

14 

131 

4*6 

6*3 

6*7 

4*8 

6*9 

7*0 i 

6*9 

9-2 

8*0 

7*5 

13 

132 

6-1 

6*7 

6*6 

4*7 

6*6 

6*6 i 

6*6 

9*1 

7*3 

7*8 

12 

133 

6*8 

4*9 

5*6 

5*0 

6*0 

7*2 i 

6-8 

90 

7*7 

7*9 

11 

134 

5*3 

6*4 

6*1 

6*0 

6*7 

7*9 i 

6*6 

9*3 

7*0 

6*5 

10 

135 

4*7 

4*9 

6*4 

6*3 

6*8 

7*6 : 

70 

9*0 

6*2 

6*3 

9 

136 

60 

6*3 

4*7 

4*6 

6*6 

8*4 i 

6-3 

9*1 

5*6 

5*7 

8 

137 

6-3 

6*3 

6*3 

4*7 

6*6 

7*8 j 

7*6 

10*4 

6*4 

6*5 

7 

138 

6*8 

5*6 

6*8 

6*2 

6*9 

7*9 ! 

7*9 

8*7 

6*0 

6*1 

6 

139 

7*1 

6*1 

6*8 

6*8 

6*6 

7*6 : 

8*3 

8*9 

6*4 

6-6 

6 

140 

6-7 

6*6 

7*6 

6*2 

6*2 

f 

8*1 i 

8*2 

8*5 

7*1 

6*8 

4 



113 

112 

85 

84 

67 j 

6*6 

7*3 

7-6 

70 

3 








6*8 

0*1 

6*8 

7*1 

2 







I 

6*4 

6*5 

6*3 

6*6 

1 


56 29 28 

Layout pira and yield data (maunds per l/40th acre) of soil-uniformity crop of chari 
grown during kharif 1936 at the Rawalpindi Agricultural Station. 

. prooeedii^ to discuss the data, one important point in connection 

with these plots, which seems to exercise a great influence on the conclusions 
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that may be drawn, must be mentioned. In order to supply water to the 
Rawalpindi Cantonment, the military authorities have constructed a number of 
wells from the Murree side towards the cantonment area. These wells are con- 
nected with each other by means of underground pukka channels or ducts whose 
level is so arranged that when the water from the last well in the cantonment 
area is pumped out the flow of water is automatically directed to the last well 
of the series. In this manner contact is maintained between the water in all 
the wells that go to make up the chain. A part of this wat/er duct happens to 
pass beneath the piece of land on which tliis experiment was carried out and its 
direction and width is shown in Fig. 1 by two lines running parallel to each 
other from the north in a south-western direction. The depth of the soil 
lying over this duct is about 12 ft. and, as can well be imagined, this soil 
which had once been dug out and refilled must behave differently from the 
adjoining soil. About six years back, owing to the water-duct getting choked 
by the crumbling in of its walls, the soil above this duct was dug out and after 
repairing the former again put back. The fact that this soil and also that 
which adjoins this dug-out channel on its both sides has a different level of 
fertility can be seen from the soil fertility-contour map. 


/4 
/3 
/2 
It 
iO 

3 

6 
7 
6 
S 

4 
3 
1 
i 

56 25 16 

Fici. !• Fertility contour map based on yield of chart (kharif, 1936) at Rawalpindi 

Agricultural Station 
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Discussion of results 

It is clear from the contour map that soil-fertility varies much more from 
east to west than from north to south. This means that if the blocks are so 
laid out as to follow each other from east to west there is a greater possibility 
of the land within these blocks being more uniform than it would be if these 
were to follow each other from north to south. It is seen that the area aiBfected 
by the water-duct which is shown in Fig. I as enclosed between two parallel 
lines running from north-east to south-west is characterised by a more uniform 
soil-fertility than the area on either side of it, particularly on the eastern side. 
This may be due to the fact that during the process of digging out and refilling, 
the soil in this area had been mixed and rendered more uniform than before. 
The layout of the blocks with lengths from north to south would thus seem to 
be more advantageous. This is further borne out when the yield data are con- 
sidered after arranging them in the form of a Latin square. This can be done 
after excluding three rows on both the northern and southern sides of the field, 
leaving 100 plots to be arranged in the form of a 10 x 10 Latin square. The 
analysis of variance for this Latin square is given in Table I. 


Table I 

Analysis of variance for 10 x 10 Latin square 


Source of 
variation 

Degrees of 
freedom 

Sum of 
squares 

Mean 

square 

Ratio of 
variances 

Remarks 

Rows 

9 

11-23 

1-248 ( 7,) 

2-985 (7i/73) 

Significant differ- 

Column'^ 

9 

131-39 

14-599 (7,) 

ll-C98(7j/7i) 

34-922 (T-VI’a) 

1 

ences between 

columns and rows 

1 

Error 

SI 

33-84 

0-418 (7,) 

j 

Column-to-coluinn 

Total 

99 

176-46 



d 1 ffereiiccs s igni B - 
cantl}'^ greater 

than those from 
row-to-row 

For P 

= 0*01, nj 

= 8, $ 

II 

O 




For JP = 0 • 01, til = 8, fij = 9, F =» 6 • 47 

It is clear from the above figures that botli the row-to-row and column-to- 
oolumn differences are significant but the latter are signifi(;antly greater than 
the former, thus confirming the conclusion already drawn, viz. tliat in this 
area there is a far greater degree of variation in soil-fertility from east to west 
than from north to south. 

Before proceeding further, it may be mentioned that two sets of experi- 
ments were intended to be laid out on this piece of laml. viz. (a) a study of the 
comparative value of different types of organic manures to be applied in differ- 
ent amounts, and (6) a study of the relative value of different artificial manures 
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to be applied alone as well as in conjunction with green manure. There were 
seven treatments in the trial with organic manures and with eight replications 
it could be laid out in the first fifty -six plots giving eight blocks of seven plots 
each* The trial with artificials had fourteen treatments, and was laid out in 
six blocks of fourteen plots each, the plots numbering 57 to 140. The blocks 
in both the trials were laid out with their lengths from north to south. Owing 
to the greater disturbance of the soil by the water -duct on the north east comer 
of the land an area corresponding to eight plots in two rows was left out on the 
north and a corresponding area added towards the south. This course was 
Justified when it is considered that even after the above adjustment, the 
fertility of plots 14, 15, 42 and 43 was the highest of any and it is likely that 
the area towards the north of these plots might have shown as much, if not 
greater, fertility. It would have been still better if these fifty -six plots could 
have been shifted further down by one or two rows. The differences in the 
fertility of the plots affected by the water-duct had been anticipated as a 
result of previous experience and the actual jneld data obtained from this 
fertility trial amply confirm the anticipation. 

As mentioned already, although two different sets of trials were designed 
to be laid out on this piece of land for the purpose of the present discussion , 
the entire area has been considered as one piece. Further, since it is proposed 
to compare blocks of different shapes, it has been decided to consider only as 
many plots as would permit of the formation of the most compact blocks 
approaching as much as possible a square in shape. If thirty-two plots be 
excluded as follows : — 

eight in the first two rows on the south, 
twelve in the last two rows on the north, and 
twelve in the first column on the east, 
a plot combination of 9 x 12 would be left. Further dividing the area into 
two divisions by a horizontal line between plots 8 and 9 on the east and 134 
and 135 on the west, fifty-four plots will be obtained in each division. These 
may be divided into six blocks of nine plots each, providing six replications of 
nine treatments. The six blocks in the two divisions designated as A and B 
can be arranged in a number of ways as shown in Fig. 2. 

Arrangements represented by type I above would seem to be the simplest, 
but the data presented show that the relative efficiency of this arrangement is 
the least. Fisher and Wishart [1930] favour compact blocks as compared with 
long and narrow ones. In the present case the blocks could be compressed to 
the maximum limit if the plots within each one of them are arranged in the form 
of a 3 X 3 square as in type III. This undoubtedly increases the relative 
efficiency considerably but this increase, except for type II (a), is still much 
less than that which is possible with the other two arrangements, viz. II (6) and 
IV. This may be due to the fact that on this piece of land, the drift of soil- 
fertility is from east to west, while no corresponding drifts is to be seen in a ver- 
tical direction. The two types of arrangements in which six plots lie in one 
vertical column and the remaining three are joined to these either from the 
lower half or the upper half of the adjoining column (type Ila & II6), while 
making the plots compact to a certain extent, nevertheless retain the original 
levels of fertility differences and therefore the reduction in error in blocks of 
this shape is not very great. This would indicate that making the blocks as 
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compact as possible without taking into consideration the variations in soil- 
fertiUty does not in all cases result in an increase in the precision of the experi- 
ment. The arrangement represented by type IV in divisions A and B is based 
upon due consideration of the results of the uniformity trial and combines the 
advantages of both compactness as well as regularity in the drift of soil-fertility. 
It is thus clear that in one and the same trial all the blocks need not be neces- 
sarily of the same shape. 





TYPE I TYPE XT (o) TYPCnf^i TlPt lH 



TYPE IV 


Fig. 2. Different tyros ol arraiiji^oiiients (I-IV) of six 
blocks of nine plots each 


The analyses of variance for the different types of blocks in the two 
divisions ‘ A ’ and ‘ B ’ are given in Table IT. 

Table IT 


Analysis of variance of plot yields of different types of arravg^menis (six blocks 

of nine plots each) 


Type of 

Source of 

Degrees of 

Sum of 

Mean 

Ratio bf * Relative 

arrange- 

variation 

freedom 

squares 

square 

variances ; efficiency 

1 

ment 





Division A 


T 

Between blocks - 

5 

9-67 

1-934 

1-13 

67-8 


Within blocks 

. 

48 

I 82-36 

1-716 



. n (a) 

Between blocks . 

6 

^ 30-89 I 

6-178 

4-85* 

91-3 

Within blocks 

48 ! 

1 

61-13 j 

1-274 




* Signiffcant at 1 per cent level 
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Table II — c<mtd. 


Type 

of 

Source of 

' Degree of 
' freedom 

Sum of 1 

Moan 

Batio of 

Belative 

arrange- 

variation 

squares I 

squares 

variances 

efficiency 

ment 


i 

1 

r 


■ 



Division A — oontd* 


II (b) 

Between blocks . 
Within blocks 

5 

48 

46-46 

46-56 

9 092 
0-970 

9*37* 

119-9 

III 

Between blocks . 

5 

36-20 

7-240 

6-23* 

100-0 


Within blocks 

48 

55*82 

1-163 



IV 

Between blocks . 

6 i 

48*16 

9-632 

10-64* 

127-2 


Within blocks 

48 1 

43-86 

0-914 




Division B 


I 

Between blocks . 

5 

1-43 

0-286 

0-116 

37-4 


Within blocks 

48 

118-27 

2-464 



II (a) 

Between blocks . 

5 

80-81 

16-162 

20-00* 

113-8 

Within blocks 

48 

38-89 

0-870 



11(6) 

i 

Between blocks . 

6 

83-69 

16-718 

22-23* 

122-6 

Within blocks 

48 

36-11 

0-762 


I 

m i 

Between blocks . ? 

6 

76-46 

16-092 1 

16-37* 

100-0 

I 

Within blocks . j 

48 

44-24 

0-922 

j 



IV I 

Botw’een blocks . i 

5 

85-03 

17 006 

23-55* 

127-7 

1 

t 

[ 

Within blocks . j 

i 

48 

34-67 

0-722 j 

1 



♦Significant at 1 per cent level 


The above conclusion has been derived by considering the entire area as 
one piece of land. But, as has already been mentioned, it was proposed to lay 
out two different types of experiment on this land, the trials with organic 
manures to be confined to the first fifty-six plots and those with the artificials 
to the remaining eighty-four. Considering the area occupied by these plots 
under the two sets of trials separately, it will be interesting to see how far, by 
arranging the blocks in a number of ways, the above conclusions arrived at 
from a consideration of the entire area as a whole can be borne out with res- 
pect to each of the two pieces of land separately. The area under trial with 
artificials was designed to include fourteen treatments with six replications! 
It is possible to arrange the six blocks of fourteen plots each in a number of 
ways of which four types are shown in Fig. 3. The analyses of variance of the 
four types of arrangements are given in Table III. 
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Fro. 3. Diftereni typos of arrangements (I-IV) of six Ijloiks of 14 plots each 

(artificial series) 

Table III 

Analysis of variance of plot yields of different types of arrangements (six blocks 

of fourteen plots each) 


Typo of 

Source of 

Begrof's of 

Sum of 

Moan 

Ratio of 

1 

Relative 

arrange- 

variation 

freedom’ 

squares 

square 

varianc(’>s 

efficiency 

ment 







1 

Betwecm blocks 

5 

43-70 

8-740 

19-00* 

156-0 


Within blocks 

78 

36-85 

0-460 



II , 

Between }>locks 

5 

32-62 

6-520 

10-83* 

118-6 


Within blocks 

78 

46-93 

0-602 



III 

Between blocks 

5 

23-96 

4-790 

6-72* 

100-0 


Within blocks 

78 

56-59 

0-713 



IV 

Between blocks 

6 1 

66-71 

11 -340 

38- 84* 

244-2 


Within blocks 

78 

i 

22-84 
f i 

0-292 

1 




* Significant at 1 per cent lev^el 


It will be seen that type III represents the most compact form of blocks 
which could be arranged on this piece of land and type I the least. In type IV 
the compactness has been introduced after taking into consideration the drift 
of soil-fertility and thus, of the six blocks, whereas four are as compact as 
possible, the remaining two are long and narrow ones with their lengths 
running parallel to the drift of soil fertility. The remaining (type II) gives 
some compactness but not as much as type TIT. 

The figures for relative efficiency given in the last column (Table III) show 
that whereas type III is the most compact form of arrangement yet its efficiency 
is the least of all. Type IV has proved to be the most efficient of all the 
arrangements considered and as compared with the most compact form it is 
nearly two-aud-a-half times more efficient. 
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Considering the area reserved for trials with organic manures the three 
types of arrangements considered are given in Fig. 4. 


I I M M I M M M I I t±.I.Ul,.L.I 1 n. J I I IJ I I M M I I M n I I I 

TYPE I TYPE W TYPE Ul . 

Fra. 4. Different types of arrangements (I-III) of eight blooks of seven plots each 

(organic series) 

The analyses of variance for these three types are given in Table IV, 

Table IV 


Anilysis of variance of plot yields of different types of arrangements (eight 

blocks of seven plots each) 


Type of 

Source of 

Degrees of 

j Sum of 

Mean 

j Ratio of 

Relative 

arrange- 

ment 

variation 

freedom 

squares 

square 

1 variance 

1 1 

.1 1 

1 efficiency 


Organic series 


I 

Between blocks 
Within blocks 

7 

48 

38*13 

55-90 

5-450 

1-165 

4-68* 

84-7 

II 

Between blocks 

7 

46-68 

6-670 

6-76* 

100 


Within blocks 

48 

47-35 

0-987 



III 

Between blocks 

7 

63-72 

9100 

14-42* 

156-4 


Within blocks 

48 

30-31 

0-631 




* significant at 1 per cent level 


Here also the conclusions arrived at from a consideration of the area 
reserved for trials with artificial manures are fully borne out. When all the 
blocks are kept long and narrow, the relative efficiency is the lowest. On the 
other hand when all these eight blocks are made compact the efficiency in- 
creases appreciably. The greatest increase, however, takes place when the two 
blocks affected by the water-duct are kept long and narrow and the remaining 
six made compact. 

The above discussion clearly shows that to increase the precision of the 
experiment compactness of the blocks is of use only when it results in making 
the area within the blocks more uniform than it would be otherwise. If by 
making the blocks compact the area included within any one of these becomes 
more heterogeneous than otherwise, it is better not to attempt such a compres- 
sion. It is no disadvantage if the shape of all the blocks included in a trial is 
not similar. Whatever may be the shape of the blocks, the only point to be 
aimed at should be that the land within the blocks is as uniform as possible. 
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Summary 

1. The results of a soil-uniformity trial with chari grown at the Rawal- 
pindi Agricultural Station have been presented and considered in a number of 
ways. 

2. Fertility contours indicating variations in soil-fertility met with on this 
piece of land have been drawn. 

3. The drift of soil-fertility indicated by the fertility contours has been 
confirmed by analysing the plot yields in the form of a Latin square. 

4. The suggestion that the precision of the experiment could be consider- 
ably increased if the blocks were made as compact as possible has been examined 
in detail and it has been shown that compactness does not always result in 
the increase in precision. 

6. The advantage accruing from the provision of compact blocks depends 
upon the fact that the land within these is likely to be more uniform than that 
within a block which is long and narrow in shape. This, however, is not always 
the case. If, therefore, by making the blocks compact different levels of soil- 
fertility are introduced within any one of them the advantages of compactness 
will be considerably offset. 

6. It has been shown that the greatest precision in the conduct of the trial 
is obtained by keeping the land within the blocks as uniform as possible irres- 
pective of the shape of the individual blocks. 
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A NOTE ON THE DESIGN AND ANALYSIS OF COMPACT 
EXPERIMENTS WITH THREE OR FOUR 
RESTRICTIONS 

> BY 
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Imperial Agricultural Researclt Institute, New Delhi 
(Received for publication on 26 March 1940) 

Intboduotion 

P ATERSON [1933] in dealing with the modifications of Latin square gives a 
type of layout, called ‘ magic square’, in which every treatment occurs once 
in each row, once in each column and once in each quarter. ‘ The statistical 
methods he says, ‘ are the same as those described for the randomised block 
or Latin square layout. The sums of squares due to similar groups of plots, 
e.g. blocks, rows, columns, sections, treatments, etc., are subtracted from 
the total sum of squares for all plots, leaving a residual sum of squares and 
the residual number of degrees of freedom on which the measure of significance 
depends The method given by Paterson for the analysis of compact experi- 
ments involving more than two restrictions is too brief and is not clear regard- 
ing the orthogonal aspects of the various items involved in the analysis of 
variance of such experiments. This note illustrates the method of analysis 
for such layouts. 

Matbbial 

A mamurial experiment, consisting of twelve treatments, each replicated 
six times and laid out in a compact block in such a way as to effect elimination 
for soil-heterogeneity in three different ways, has been utilised for the purpose 
of illustration. The experiment was conducted in kharif 1939, and maize was 
grown to see the manurial effect. 

The plan of the layout together with the yield of com and the three rest- 
rictions imposed on the same layout are given below : — 
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Plan of the layout and yield of com in lb. 
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Arrangement 

11 
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Arrangem<"nt III 

Method of analysis 


The sums of squares for blocks for arrangements 1 and II shown above are 
calculated separately in the usual way, each having five degrees of freedom. 
The sum of squares for blocks for arrangement III is not orthogonal with those 
for I and II. On a careful examination, it will be found that the sum of squares 
for arrangement III includes portions of the sums of squares which have al- 
ready been included in arrangements I and IT, viz. sum of squares for sections 
a and 6 and sum of squares for sections c, d and e respectively shown in the 
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above figures. Thus the actual elimination for soil-heterogeneity effected by 
imposing the third restriction is 337*2199 (total s. s. for III)"66"4986 (s. s. for 
sections a and 6)— 265*6608 (s. s. for sections c, d and e)=26 1706 with 6 — 
(1-1-2) or 2 degrees of freedom. The sum of squares for treatments is calculat- 
ed in the usual way. 

The final table of the analysis of variance is as follows. 


Analysis of variance 


Variance due to 

Degrees 

1 

freedom 

Sum 

of 

squares 

Mean 

square 


Restriction I 

5 

262-6619 ; 

i 


! •• 

Restriction II 

5 

304-8828 


•• 

Restriction HI 

2 

26-1706 


1 

Treatments 

11 

227-6826 

20*6893 

1-873 

Res <lual error 

48 

530*1893 

11 0466 


Total 

71 1 

1340-3872 j 



Thus the effect of treatments can be judged with greater preeision in this 
modified layout than in the ordinary randomized block layouts. 

In the example cited above, three restrictions have been imposed on the 
layout. Another layout with four restrictions is given below. 



Arrangement II 


i 
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Arrangement III 
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Arrangenjf'iit TV 


The analysis is done on the same lines as the one with three restrictions. 
The sums of squares for arrangements I, II and III arc calculated in the same 
way as discussed in the previous example. The sum of squares for arrangement 
IV is equal to total sum of squares for IV — sum of squares for sections/, 
and h — sum of squares for sections i and j, the degrees of freedom being 5 — 
(2 +1) or 2. The analysis of variance table showing the degrees of freedom for 
the various items is given below : — 


Variance duo to 

Degi*eos 

of 

freedom 

Restriction I 

5 

Restriction II 

5 

Restrict ion III 

2 

Restriction IV 

2 

Treatments 

11 

Residual error 

4G 

Total 

71 


Maximum number of restrictions and desions 
It will be of interest to note that the maximum number of restrictions 
that can be imposed on a certain layout is dependent on the number of 
replications and the number of treatments. The following table ^ves the 
maximum number of restrictions with different numbers of replications and 
treatments, each block being a compact rectangular unit. 
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Number of treatments 


Number 

replications 


Maximum 

munber 

of 

restrictions 


4 

4 3 




12 


1 

18 


1 

24 

>■ 

0 4 

30 1 

1 


3 « J 




The lay-out for four treatments, replicated four times with three restric- 
tions, can be formed without much difficulty, and the plan below represents 
a design involving six treatments, each replicated six times, with four res- 
trictions. 

a b c d e f 

d e f a b c 

c f b e a d 

e a d c f b 

b c a f d e 

f d e b c a 


Plan showing six treatments with four restrictions 

For an experiment involving six treatments, it is possible to have 1^ X 
1 93fi designs with four restrictions. The method of forming any one of them 
is described below. For convenience, this method, which is applicable to 
all the cases, is discussed with special reference to the arrangement shown in 
the plan above. The six treatments which are represented by the letters a, b, 
e, d, e and / can be arranged in | 6 ways, and the first row can be any one of 
them. Taking the first row as a b c d e f, the second row can be arranged in 
wa 5 ’^s after taking into consideration the fact that the letters d and c should 
not occupj’^ the third and fourth columns of the second row. Out of these 2* 
arrangements, let us take the one shown in the second row of the above plan, 
viz. d e f ab c. When once the first two rows are fixed, the columns 1 and 2, 

3 and 4, and 5 and 6 of the third row can be filled up only by three specific 
pairs of letters. In the plan shown above, they are c /, ft e and a d, and it is 
evident that they can be permuted in 2* ways. Now coming to the fourth row, 
the first and the second halves are e ad and c / ft. Since a or d and c or / 
cannot occupy the first and the sixth columns respectively, e and ft are fixed 
iit those places. In the general case, two columns of the fourth row, one on 
each ha'f of the row are fixed. After fixing e and 6, a and d (of the fourth row) 
can be put in 2 ways, and one of the arrangements, viz. a d is taken here. 
The letters coming below e and ft in the two remaining rows can be taken in 

4 ways, and in this particular case, we have taken ft / and e a. The letters at 
the second and third columns of the fifth and sixth rows, viz. c a and d e oan 
be filled up easily at this stage, and the remaining six letters, viz. cf,fd and 
ft c get automatically fixed satisf 3 dng the required conditions. 

The design for the layout involving twelve treatments can be had from 
the same layout by replacing each of the letters o, 6, c, d, e and / by o^, . 
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6i, 6* ; Cl, c, ; di, d» ; Ci, e, and/i,/j respectively, ai, /i./i being 

the twelve treatments. It may be mentioned that the treatments within 

each of the six groups (i.e.,ai, Oi ;6i,6s ; /i./s) should be randomized 

separately. 

The layouts for the other experiments involving eighteen, twenty-four, 
thirty, thirty-six, etc. treatments can be formed on the lines indicated above 
by dividing them into groups of three, four, five, six, etc. treatments respect 
ively. 


Summary 

The paper deals with the design and the method of statistical analysis of 
compact experiments with three and four restrictions. It is not recommended 
that experimenters should adopt such designs in general, but in eases where 
an increased precision is expected by such a layout, the correct analysis 
should be as indicated in this paper. 
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NOTES 


NOTICE NO. F. 1-9 (5)/40-A, DATED THE 19 JULY 1940 
ISSUED BY THE GOVERNMENT OF INDIA, IN 
THE DEPARTMENT OF EDUCATION 
HEALTH AND LANDS 

I T is notified for general information that an Order similar to the Importa- 
tion of Plants (Amendment) Order of 1940, dated April 10, 1940, 
issued hy the Ministry of Agriculture and Fisheries, London, which was 
published with this Department notification No. F. 1-9 (3)/40-A., dated the 
29th May, 1940, has been issued by the Secretary of State for Scotland and 
came into operation on the 1st May, 1940. 


NOTICE 2 OF 1940— APRIL TO JUNE 1940 

T he following plant quarantine regulations and import restrictions have 
been received in the Imperial Council of Agriculture Research. Those 
interested are advised to apply to the Secretary, Imperial Council of Agri- 
cultural Research, New Delhi, for loan. 

J. List of United States Department of AGRicrri,TTTBE, Btireait of 
Entomology and Plant Quarantine Services and Regulatory 
Announcements 

I . Quarantine and other official announcements : — 

(i) Mexican Fruitfly Quarantine — modification of regulations. 

(ii) Pink Bollworra Quarantine — modification of regulations. 

2. Summaries of plant quarantine import restrictions ; — 

(i) Union of South Africa — ^restrictions on the importation of potatoes. 
(ii) United Kingdom of Great Britain — revision of the digest. 

(Hi) Republic of Cuba — White-fringed beetle — importation of certain 
products prohibited from infested areas. 

(iv) Republic of Mexico — Amendment to Exterior Quarantine No. 12. 

Abrogated — ^Alfalfa seed from Muma country, Arizona. 

(»>) Kingdom of Egypt — importation of certain fruits and plants 
prohibited. 

.3. Service and Regulatory Announcements. — Index, 1938. 

II. Other Regulations. 

1. /rog.'-*-Importation of Plants Law No. 31 for 1938. 

2. Colony and Protectorate of Kenya : — 

(i) Plant Protection Ordnance, 1937 — Rules. 

(ii) Government Notices Nos. 969 & 970. 

(Hi) Amendment of Schedules. 
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PRIZE FOR A DESIGN OF AN IMPROVED AGRICUL- 
TURAL IMPLEMENT OR MACHINE 

I N order to encourage inventors to improve existing implements of culti- 
vation and to design new implements and machines better suited to 
Punjab conditions and within the power of the average cultivator to pur- 
chase, the Punjab Government has instituted a scheme of prizes for a suit- 
able design of a particular improved agricultural implement or machine. 
These prizes are open to all (including Government servants) irrespective of 
nationality. 

Last year a prize of Rs. 3,000 was offered for a simple and cheap Win- 
nower to separate bhusa from grain after the wheat crop has been trampled 
out by bullocks. None of the entries received in competition was considered 
to be free from defects, but for the most promising entry, in the opinion of 
the Judging Committee, Government awarded a sum of Rs. 1,000 to Messrs. 
H. T. Satterford, Superintendent of Workshops, Punjab CJollege of Engineer- 
ing and Technology, Moghalpura, Lahore, and Lekh Singh, Overseer, Punjab 
Agricultural Engineering Section, Lyallpur, for their design of pedaldriven 
machine. This design is now being improved and in due course it is intended 
to arrange for the manufacture of the machine on u mass -production basis. 

This year another prize of Rs. 3,000 has been advertised for a suitable 
design of a cheap, bullock-drawn, automatic, nniltiple-row sowing drill, 
entries for which should reach the Director of Agriculture. Punjab, by the 
30 September 1940 at latest. 



REVIEW 

nie breedms herbage plants in Scandinavia and Finland. {Joint PubUeatum 

No, 3 of the Imperial Agricultural Bureaux,) Pp. 124. Price 4^. 

A rrangements have been made between the various Imperial Agri- 
cultural Bureaux whereby any publication upon the preparation of 
which two or more Bureaux collaborate shall be included in a new series 
entitled Joint Publications. It has been decided to regard the earlier Joint 
Publications on ‘ Vernalizalion and phfisic development of plants * and * Erosion 
and soil conservation \ as Nos. 1 and 2 in this series. Other Joint Publica- 
tions produced in recent years but already out of print have not been given 
numbers in the series. 

The Imperial Bureau of Plant Breeding and Genetics and the Imperial 
Bureau of Pastures and Forage Crops have now produced Joint Publication 
No. 3, entitled ‘ The breeding of herbage plants in Scandinavia^ and Finland ^ 
It is a symposium consisting of a series of articles by acknowledged specialists 
in the respective countries. G. Nilsson- I^eissner, P. Nilsson, E. Akerbeig 
and R. Torssell contribute articles on \^'ork in Sweden, H. N. Frandsen, 
H. Wexelsen and O. Pohjakallio on Denmark, Norway and Finland respec- 
tively. 

Each article reviews recent developments in the countries concerned, 
including details of the most recent improved strains of grasses, clovers and 
lucerne, and the methods used in producing them, as well as a contribution 
on the application of cytology to herbage plant breeding. The articles vary 
from 5 to 35 pages in length and are mostly quite detailed, each being pro- 
vided with a mass of tabular data and selected bibliographies. The Scandina- 
vian countries are recognized authorities on grassland and breeding problems 
and the bulletin provides an invaluable outline of achievements up to date. 
This is made specially clear by a useful summary of the entrie contents of 
the bulletin which appears at the beginning, before the presentation of the 
individual articles. Another useful feature is the provision of a list of addres- 
ses of the research stations concerned and of maps illustrating their locality. 

The bulletin covers 124 pages and is obtainable from either Bureau at 
the moderate price of 4^. Standing orders for Joint Publications should be 
placed with the Secretary, Imperial Agricultural Bureaux, 2 Queen Anne’s 
Gate Buil(hngs, London, S. W. 1. Wherever any Empire country orders 
bulk supplies direct from the Bureau in one order (i.e. 50 copies or more) 
a discount of 25 per cent will be allowed. 


aiFD_182 ICofAK*. 12.10-40^760. 
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ORIGINAL ARTICLES 

THE GENUS FU8ARIUM 

V. FVaARWM VDVM BUTLER, F. VA8INFECTUM ATK. AND 
F. LATERITWM NEES VAR. VNCINATUM WR. 

BY 

G. WATTS PADWICK 

Imperial Mycologist, Imperial Agricidhurdl Research Institute, New Delhi 
(Received tae publication on 16 April 1040) 

(With Plates XXXIX-XLI) 

* Intboduotion 

I N the preceding paper of this series [Padwick, Mitra and Mehta, 1940] 
it was shown that a considerable number of isolates of Fvsarium causing 
wilt of cotton {Oossypium sp.), pigeon-pea (Cajanus cajan) and sunn-hemp 
(CreOahma juncea) are highly specialised as regards their host relations. It 
was early appreciated by the author that to have a sound understanding of 
the genus Fuearium the first essential is the systematic study under defined 
conditions of a large number of isolates, combined, where possible, with patho- 
genicity tests. The isolates referred to in the preceding paper formed the 
material for a study, in a systematic manner, of the morplxology and cultural 
characters of these wilt-causing organisms. 

CULtroAI. CHAKAOTEKS OF THE WI1.T-CATTSING FUNGI 
The fungi were grown on the following media : — 

(1) Potato dextrose agar, 2 per cent [Wollenweber etal., 1925] 

(2) Brown’s agar [Brown, 1925] 

(3) Brown’s starch agar [Brown, 1925] 

(4) Steamed rice [Wollenweber et al., 1925] 

All the cultures used in the pathogenicity test described in Part IV of 
this series were grown on agar slants of the above media, in triplicate, at 
30®C, The work was done concurrently with starting the pathogenicity 
test. As it was seen that some of the cultures were non-pathogenic or failed 
to produce wilt, the number of cultures was reduced for the second study of 
cultural characters, at 20*’C. 

Observations on the colours produced in the aerial mycelium and on the 
surface of the substrate, or ‘ stroma ’. were made on the 10th day and again 
on the 20th day of grovrth. The remaining notes were made on the 2l8t 
to 24th days. 

Nothing would be gained by giving here all the data accumulated, but 
since a standard method of recording has been estabUshed for all Fuearium 
cultural studies, this may be briefly described. Standard typed forms are 
used, with a space for notes on every character commonly used in identifying 
Fusaria, In this way only is it possible to escape the criticism that can be 

863 



864 


THB INDIAN JOURNAL OF AQBICULTUBAL SOIBNOE [X 

justly levelled against a great deal of the taxonomic work on this genus — 
namely, that certain characters which the worker may happen to think unim- 
portant for the particular species concernedare neglected. Each character, such 
as colour of aerial my celiurn , colour of surface of substrate, abundance of 
aerial mycelium, sclerotia, type of fruiting structures, type of conidia in pion- 
notes or sporodochia, type of conidia in aerial mycelium, etc. is recorded 
separately for each culture. The observations on all the cultures in the experi- 
ment, and on all the media, are recorded for one character at a time, and the 
next character is disregarded until the previous one has been completed for 
all the cultures. Thus the characters which have to be described in arbitrary 
terms are fairly comparable for each culture in the experiment and such terms 
as ‘ few ‘ abundant ’, * thin ‘ thick ^ distinct \ ‘ indistinct ^ * rough’, 
* smooth ‘ warty ’, etc. have a real significance, the personal factor being 
minimised as far as possible. Colours are all recorded according to the 
nomenclature of Ridgway [1912]. Conidial characters are examined in water 
mounts at a magnification of 600. In most cases the descriptions of the 
spores are accompanied by rough sketches, which are especially useful in 
indicating the degree of curvature. In cases where chlamydospores or other 
structures are not found, it is usual to examine two or three slides from each 
tube of the triplicate series before recording the structures as absent. It is 
usual to record the colours, the abundance of aerial mycelium, the presence or 
absence of sclerotia, and the type of chlamydospores on all media, but the 
characters requiring minute microscopic examination, chiefly the kinds of 
conidia, cannot always be described thus, and in this case it is the practice to 
complete the data for potato dextrose agar at least, as this medium has been 
found rather more reliable than the others, being the one most commonly 
associated with * Normkulture ’. Brown’s media are often found disappoint- 
ing in this respect. 

In Table I are recorded in the most concise manner possible all the charac- 
ters in which the various wilt fungi differed appreciably. The identity of each 
culture as Fusarium udum Butler {F, Butleri Wr.) [Butler, 1919] or Fusarium 
vasinfectum Atk. [Atkinson, 1892, with the help of the emended descriptions 
of Wollenweber and Reinking, 1935] may be concluded without great difficulty 
from this table. 

Fungi causing cotton wilt 

F 25. — Both in spore shape (tapering to a point or rounded) and 
colour on rice (dull violet black with potassium hydroxide and 
deep hellebore red with hydrochloric acid) this culture is typical 
of Fusarium vasinfectum. 

F 147. — The spores of this culture are again typical of Fusarium 
vasinfectum. There is a slight drabness of colour not quite 
normal for this species. 

Fungi causing pigeon-pea wilt 

F 2. — With its hooked macrospores borne in a pionnotal slime, and 
its brilliant yellow and orange hues on rice, this fungus is extra- 
ordinarily reminiscent of F. 'udum as described by Butler, but 
has no true chlamydospores, 
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F 5, — ^The spores of this fungus are not always hooked and it has 
none of the characteristic pionnotes of F, udum. Its brown 
hues on rice at 20°C. are not typical of F. udum, but at 30®C. on 
rice it lias the unmistakable picric yellow and apricot orange 
colours. The terminal and intercallary chlamydospores are true 
to type. 

F 6. —The hooked spores borne in vinaceous cinnamon or pale pinkish 
cinnamon pionnotal slime, as well as the picric yellow and 
apricot orange colours on rice at SO^^C. give this fungus the un- 
mistakable appearance of F. udum. The chlamydospores are 
true to type. 

F 7. — ^Typical F. udum. 

F 10. — Typical F. udum except in lacking chlamydosi^ores. 

F 11. — Typical F. udum. 

F 12. — Typical F. udxim except in lacking chlamydospores. 

F 59. — The hooked spores, the colour on rice at 30°C. and the clilamy- 
dospores, are typical of F. udum. The pionnotes are paler. 
A striking characteristic is the production of an anthracene 
purple pigment on rice at 20°C. 

F 1S7. — The hooked spores in pionnotes and the cldamydosporea are 
typical of F. udum. The cream buff and chestnut brown 
colours on rice at 30°C. and the naphthalene violet colour at 
20®C. do not conform witli the original description of F. udum. 

F 139. — True to F. udum in all other resj>ects, the culture produces 
a striking anthracene purple pigment on rice at 20®C. becoming 
dull violet black with potassium hydroxide and unaltered with 
dilute hydrochloric acid. 

F 164. — Closely resembles F 131). 

F 165. — Resembles F 139 but })roduces Corinthian pink colour inst^ead 
of anthracene purple on rice at 20®C. 

F 171. — Similar to F 139. 

F 172. — Similar to F 139 but chlamydospores terminal and rare. 

F 173. — Similar to F 139. 

F 174. — Typical F. udum except in lacking chlamydospores and pro- 
ducing some dark mineral red pigment on rice at 3o°C. 

F 175. — Similar to F 174. 

F 176. — Typical F. udum except in producing some dark mineral red 
pigment on rice at 30°C. 

F 13. — In colour jmoduction and chlamydospores (rue to F. udum, 
but producing only micn^spores and no pionnotes. 

F 15, — Typical F. udum except in producing Indian red and cinnamon 
rufous colours on rice at 30 °C. 


Fungi causing sunn-hemp wilt 

F 18 , — In this culture the hooked spores are exceptional and they 
are not produced in a pionnotal slime, but in other respects the 
culture is true to F. udum. 
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F 19. — ^The apices of the spores are rounded or bluntly pointed. No 
colours are formed on rice at 20°C. and at 30°0. the dark vinace- 
ous colour of F. vaainfedwn occurs. There are no chlamydos- 
pores. Microconidia are produced in false heads on P. D. A. 
at SO”©. 

F 26. — ^The colours and chlamydospores are typical of F. udum. 
No long spores are produced and pionnotes are absent. 

F 166. — ^The colours are fairly typical of F. udum at SO^C., but with 
the addition of some pale vinaceous pink. Colour is lacking 
at 20°C. Chlamydospores are also typical. No long spores 
are produced and the pionnotal slime of microspores is pale 
instead of bright coloured. 

F 168. — ^The colours are typical of F. udum at 30°C. but lacking at 
20°C. Chlamydospores are correct for F. udum. Long spores 
are lacking but microspores are produced in typical pionnotal 
slime. 

Fungi causing a low percentage of wiU 

PiQBON-PBA 

F 3. — Only three plants were wilted by this organism. The colours 
produced are nearer those of F. vasinfectum than F. udum. 
The sharply pointed spores and the well-developed foot-cell 
are not like F. udum. 

F 4. — The colours are not typical of F. udum but as long spores are 
lacking and even microspores are rare, and the fungus was not 
grown at 20°C., a decision on identity of the fungus cannot now 
be reached. 

SUNN-HEMP 

F 167. — In colour and spore shape this culture much more closely 
resembles F. vasinfectum than F. udum. Microconidia are 
produced in false heads on P. D. A. at SO^C. 

F 169. — ^The spores are bluntly pointed. The bright yellow and orange 
colours of F. udum are lacking. The anthracene purple and dark 
vinaceous brown colours and the reaction to potassium hydro- 
xide and hydrochloric acid are those of the purple-pigmented 
isolates of F. udum rather than the purples typical of F. 
vasinfectum, which become distinctly red with hydrochloric acid. 
Microconidia are produced in false heads on P. D. A. at 30°C. 

F 170. — ^The culture produces no spores and the colours are typical 
of neither F. vasinfectum nor F. udum. 

Cultures F 25 and P 147, causing cotton wilt, may be regarded as F. 
vasinfectum or one of its varieties or forms. All the cultures causing high 
percentage of pigeon-pea wilt are F. udum provided the form circle is en- 
larged sufficiently to include those forms producing anthracene purple or 
similar pigments, which change to dull violet black with potassium hydroxide, 
certain forms producing no chlamydospores, and forms producing few or no 
long-septate spores (certain of these produced them in a later esqteriment). 
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This is a species with wide variation. If all these isolates are not to be 
regarded as F. udum, and instead specific rank is given to such characters as 
presence or absence of the anthracene purple pigment, presence or absence 
of terminal and intercallary chlamydospores, relative proportions of short 
and long spores, presence or absence of a pionnotal slime, of sclerotia and so 
on, there will be almost as many species as there are isolates. 

It seems reasonable to regard also as F, udum, the cultures F 18, F 26, 
F 166 and F 168 which cause wilt of sunn-hemp, and a list of some of the more 
variable characters of this species, evident in the isolates here studied, is as 
follows : 

Colours on steamed rice 

Barium yellow, picric yellow, naphthalene yellow, citron yellow, amber 
yellow, antimony yellow, mustard yellow, Naples yellow, pinard yellow, 
honey yellow, cream buff, apricot buff, pale ochraceous buff, warm buff, 
apricot orange, mars orange, light seal brown, chpstnut brown, cinnamon 
rufous, hazel, coral pink, Corinthian pink, sea-shell pink, pale vinaceous pink, 
vinaceous, carnelian red, Indian red, dark mineral red, mars violet, Indian 
purple, anthracene purple, naphthalene violet, dull purplish black. Some 
cultures may lack colour entirely. The most striking colours are the bright 
yellows and oranges. 

Pionnotes 

Pionnotes may be absent, discrete or covering the surface of the medium 
as a thick slime, with the following colours : 

Ivory yellow, light vinaceous cinnamon, vinaceous cinnamon, pale 
pinkish cinnamon, salmon buff, ochraceous buff, tilluel buff, hydrangea 
pink, vinaceous pink. 

Conidia 

Conidia may vary from entirely 0-septate spores in some cultures to 0-6 
septate in others. The longer spores are usually hooked at the end, the 
shorter ones are curved and sometimes bent almost at right angles in the 
middle. 

Chlamydospores 

Chlamydospores may be absent, few or abundant, but when present 
are both terminal and intercallary, and may be in chains or in groups. 

Sclerotia 

Sclerotia large and fleshy, either pale or dark in colour. 

The isolates F 3, F 4 and F 170 have been insufficiently studied. Cul- 
tures F 19, F 167 and F 169, which cause a certain amount of sunn-hemp 
wilt, are quite different from both F, udum and F. vasinfectum. The bright 
yellow and orange colours of F. udum are lacking, the spores are never hooked, 
and are thick (the mean width of 50 spores of F 169 was nearly 40 per 
cent greater than the width of the widest spores of F. udum and F. vasinfectum^ 
of which some hundreds were measured). 

The author was impressed by the likeness of many of the cultures which 
can best be regarded as typical F. udum to the fungus Fusarium lalerittum 
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var. uncinatum Wr. as described by Wollenweber [1938], According to 
him these fungi differ in the following characters : 

F. udum F» lateritium var. uncinatum 

Spores sickle-shaped Spores hooked 

Produces ‘ orange-bis ’ conidia. Produces salmon-coloured conidia 

Produces orange colour on steamed rice Produces orange and yellow on steamed 

ric(‘ 

Produces terminal chlamydospores Produces no terminal chlamydospores 

Belongs to section Elegans Belongs to section Lateritium 

A glance at Butler’s original drawings will show at once that, although 
many of his spores are sickle-shaped, several are distinctly hooked. It is the 
shorter spores that are sickle-shaped, the longer ones hooked, and some of 
the cultures studied by the author have been found to produce both kinds. 

Butler described the pionnotal stage as ‘ salmon-pink ’ only occasionally, 
on rice, orange-red. They are thus like those of F, lateritium var. uncivxihim. 
It will be seen that the cultures examined varied considerably on rice. But 
a vital distinction should be in the chlamydospores. All the cultures des- 
cribed here either produced both terminal and intercallary chlamydospores 
or produced none at all. It is characteristic of the section Lateritmm that 
its members produce no terminal chlamydospores. Wollenweber [1938], 
however, stated of F, lateritium var. uncinatum that ‘ The chlamydospores 
form, in contrast to -EZejaT^-Fusaria, if one disregards occasional exceptions'^ 
not terminally, but intercallary, more seldom single than in chains, and some- 
times in clusters ’. 

Relationship between F.vasinfectum Atk., F, vdum Butl., F. lateritium 
Nebs var. uncinatum Wr. and the doubtful forms 

A culture of F. lateritium Nees var. uncinatum Wr, was secured from 
the Centraalbureau voor Schimmelcultures, Baarn. It was considered neces- 
sary to include in the comparison typical cultures of Fusariiim vasinfectum 
and its varieties and forms. These also were obtained from the Centraal- 
bureau. 

The final test of the validity of F, udam as a specie*^ would be to obtain 
an isolate of the fungus from Butler’s original material in the Herbarium 
Crypt. Ind. Orient. His original collection from Dehra Dun and in addition 
some pLants artificially inoculated by him were available, and attempts were 
made to isolate the fungus. They were unsuccessful and the fungus is pro- 
bably dead. There is no culture of F. udum which has descended from 
Butler’s type culture. The herbarium specimens are unsuitable for compari- 
son. We are obliged to rely on his written description. 

F. udum, as stated above, seemed to differ from F. lateritium var. uncina- 
tum only in regard to chlamydospores, the latter fungus belonging to a group 
not producing terminal chlamydospores. It was therefore a matter of sur- 
prise when, on examining the tijrpe culture received from Baarn, it was found 
to have a considerable number of terminal as well as intercalary chlamydos- 
pores. 

Table II summarises the major differences in cultural characters of a 
selection of the more variable forms of F. udum, F. lateritium var. uncinatum 


♦The italics are the author’s. 



Tabue II 

Morphological artd cultural characters of Fusflrium vasinfectum Atk., F. udum BwQ,. and F. lateritiaiu Nees var, 

uncinatum Wr., grown for 21 to 23 days at 20°C. 
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and F. vasinfectum with its varieties and forms, when grown on potato dextrose 
agar and steamed rice at 20°C. Plates XXXIX and XL give an idea of the 
range of colours produced on steamed rice by the three species. Camera 
lucida drawings of typical conidia are figured in Plate XLI, which also 
shows the development of terminal and intercallary chlamydospores of F, 
lateritium var. uncinatum. 

Discussion 

Butler [1926] decided that Fusarium udam, which he had described earlier 
[Butler, 1910] as the cause of wilt of pigeon-pea, is a synonym oi Fusarium vas 
infectum. Bis description [Butler, 1910] of Fusarium udu7n was as follows : 

‘ Mycoliurn parasitic within tlu^ roots of tho host plant or saprophytic and then 
creeping, hyphao hyaline, slender, much branched, usually with little aerial growth ; 
microcoiiidia of the Gephalosporium type, produced successively on the ends of short 
simple or clustered conidiophores and remaining bound in a drop of liquid after abjunc- 
tion, unicellular or with one or more* st»pta, elliptical or falcate, hyaline singly, salmon 
pink in mass, occasionally developing from tho surface of minute spherical stromata and 
then of the Tuhercularia type, 5-15 X to 2-4{x in diameter; microconidial stage in 
culture usually moist and btict/oris-like, white to salmon-pink, occasionally (on rice) 
orange red, never green or purple ; inacroconidia of the Fusarium typo, formed as the 
microconidia but on shorter comdiopliores and becoming free as soon as abjuncted, fal- 
cate 3- to 5-septato, hyaline, 15-50 x 3-5 {jl in diameter, usually late in appearing ; 
ch’amydosporos, round or oval, rather thick-walled, hyaline, sometimes in short chains, 
5 to lOp. in diameter. 

Parasitic in roots of Oajanus mdicus and saprophytic in soil, India.’ 

Butler’s argument [1926] for regarding F, udum as a synonym of F, 
vasinfectum was of a rather indirect nature. The work described was done 
with cotton and S'^samurn wilt fungi, not with the pigeon-pea organism, so 
that the comparison was between the Srsamum fungus and F. vasinfectum of 
cotton, and the conclusion as far as it relates to F. ndmn appears to be indirect 
and to rest oti the statement : ‘ F urthermore, 1 have vainly endeavoured to 

find a true distinguishing character between the Fesawum fungus and F, 
udum, described by me in 1910 as the cause of the pigeon-pea w ilt in India.’ 

The argument runs as follows : 

‘ Small has recently studied in great detail what ht^ consid(*rs to be F. udum, which 
he found to bo attacking a numbor of difFerent plants in Uganda \Kew 1920, p. 321 ; 

1922, p. 269 ; 1925, p. 1 18]. Henee, though in India tho strain of F. udum parasitic on 
pigeon-pea seems to be restricted to tliat host, in Uganda the morphologically and cul- 
turally similar fungus is (lapable of at tacking not only pigoon-poa but a considerable 
number of other plants, and tliis strt‘ngthens the possibility that the sesamum parasite 
may bo merely another st rain of th<‘ same sjieeies. 

Fusarium udum itself was named without yiri'judiei^ to the question whether it had 
not boon previously included amongst the named im'inbers of tho gt^niis. The chief 
diagnostic characters wim’o tlie pionnotal type of syiorulation, the flesh to salmon-pink 
colour on many media with absi'iice of blue colours, and the tubercular stromata on 
potato and plantain. Subsequent isolations at Pusa, however, showed that the first 
of these characters was not constant, some strains giving a copious aerial mycelium on, 
agar slants. Nodular sclerotia also are now known to be eommonly produced by many 
morabe'rs of tlie genus and occur in both Fusarium cubense and the sesamum parasite 
in which they are blue on potato but gradually turn pink if placed in lactic acid. Bessy’s 
conclusions that tlio red and bliu* colours are only chemical modifications of the same 
pigment has been substantiatf^d by subsequent investigators, and there seems every 
probability that tho blue or violet colours developed in F. cAibense and the sesamum 
fungus could also be produced by F. udum on suitable media. Small indeed [Kew 
Bull., 1922, p. 282] obtained a pale blue pigment in his strain in two cultures. 
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CONIDIA AND CHLAMYD08P0RES OF FUSARIUM UDUM AND F VASISFECTUM GROWN ON 
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Recently, Haneford, confronted with the difficulty of distinguishing F. cubensc in 
culture from many other strains of the Elegans section of the genus, has concluded that 
the present classification of the section is useless and that the conception of a species of 
Fuaarium must be broadened [Proc* 9th West Indian Agric. Conf., 1924, pp. 43-44, 1925]. 
He considers that it is preferable to regard all the Elegans forms which ho has encountered 
as strains of a single species. With this view, my own observations are in harmony 
and I now regard ¥• udum and the two forms discussed in the jjrosent papcT as strains of 
the same species. Furthermore, F. evhenae is so similar to the si‘samum fungus that 
it can scarcely be considered as a distinct species, either on morphological or cultural 
characters. It appears to possess strains differing in their selective parasitism, Musa 
cavendiahii being immime from it in the West Indies but susceptible m tlie Canaries. 
Finally, through F. cuhenae^ which both Brandos and Wollonweber have noted to bc^ 
scarcely different from F. vaainfectum, one is led to include the latter in the group of 
closely allied strains. In so doing I have r(‘versed my previous oyunion \Rept. Agric. 
Rea, Inat, and College^ Puaa, 1913-14, p. 54, 1914] which was bas(\l on cultural diffeiences 
between the American and Indian cotton wilt fungi, these difference's being now legarded 
as being too inconsistant to be used as satisfactory criteria. 

Thus the wilt-producing fungi attacking cotton, si'samum and j)igeon-pea in India 
may, in the writer’s opinion, bt'st be considc‘red to be strains of F. vasutfeefum Atk., 
which itself may be merely a strain of one of the earlier devseribed species of the genus. 

It appears as if Wollenweber has never been cpiiie alilc to accept the 
view that Fusarium udnm is synonymous with F. vasivfectvw . In his most 
recent paper on the subject [Wollenweber, 1938) he has given a number of 
characters by which Fusarium udum may be distinguished from Fusarium 
vasinfectum Atk. and has listed also the distinguishing characters of F. lateri- 
iium var. unciuaium Wr., another species which is (*onsidered to cause a rather 
different disease. The researches described by the author have shown that 
both F. lateritium var. unciiiatum and Butler’s F. udtf7n liave hooked spores, 
both produce, in some isolates at least, salmon-coloured pionnotes. and on 
rice some isolates of both jmiduee a yellow as well as an orange pigment. 
Formation of chIamydos])ores is a highly variable character, but I\ latf ritium 
var. uncinatum, as well as F. udum, can form both terminal and intcrcallary 
ones (Plate XLl). It is noteworthy that F. lateritium var. unci^iatvm is jdaced 
in the key by Wollenweber and Reinking [1935] in the grouj) w ith microconidia 
normally present, whereas F. lateritium Ne€\s belongs to tlu' grouj) with small 
conidia normally absent or one- to more-celled. This characteristic coujikd 
with the type of chlaniydospores produced places F. lateritium var. uncinaiwm 
in the section Elegans. Yet the hooked sjKmes and the })igmentation ad- 
mittedly resemble more closely those of the section Lateritimn. Thus while 
the evidence appears overwhelming that F. lateritiuru var. uncinatum Wr. 
is a synonym of F. udum Butler, it is not a simple matter to decide whether or 
not the fungus should be regarded as a true inem})er of the section Elcgaiis or 
wdiether the dividing line betw^een these tw^o sections is made indistinguishable 
by this more or less intermediate form. 

We may at this point consider the suggestion of Wollenweber [1913] 
that Butler’s Fusarium udum is invalid and the proposal of the name F. Buthri 
for this species. As a footnote he wrote ‘ I propo.ie the name F. Buthri for 
this species, because the name F. udtnu has alrea/ly been used In Berkeley 
[1841] and refers to a distinct old species, well-known by its juonnotes stage 
covering the cut surface of oak, elm and other trees. It is also found on Irish 
potatoes, tulip bulbs and in the soil. It was temporarily transferred by 
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Saooardo [1886] to the genus Pionnotea, which, however, has no sound mor- 

phologioal basis [Appel and Wollenweber, Grundlagen 1910].’ 

Berkeley’s fungus was named Fusiaporium udum, not Fuaarium vdnm. In 
1886 this was changed by Saccardo to Pionnotea uda (Berk.) Sacc. Pion- 
notes was combined with Fvaarium by Appel and Wollenweber only in 1910, 
after Butler had named Fuaarium udum, though in the same year. Thus 
Fuaarium udum (Berk.) Wr. is a non-valid homonym and on that account 
Fuaarium udum Butl, cannot be rejected in favour of F. BuUeri. 

Next, is F. udum to be regarded as a distinct species, or is it to be merged 
with F. vaainfectum ? It is seen that the highly pathogenic isolates are 
rather distantly removed from F. vaainfectum. The only reason for merging 
F. udum and F. vaainfectum would be that a complete range of intermediate 
forms existed. Although the cultures vary considerably, there is no evidence 
at present to suggest that such a complete range could be demonstrated. 
A thorough comparison has been made of typical variants of F. udum, with 
aU varieties and forms of F, vaainfectum. In colour and spore form they 
comprise a group which, though variable, does not appear at its extreme 
limits to overlap F. udum, either as regards the hooked conidia or the pig- 
ments produced. For the time being, at any rate, the two species should 
be regarded as distinct. 

The significance of these conclusions may be considered in relation to 
the pathological aspect. Butler in 1910 described F. udum in its narrower 
sense, and as late as 1918 he held the view that this fungus was restricted 
to pigeon-pea as a host. In 1926 he merged the species with F. vaainfectum. 
He may not have realised it at the time, but he was to a large extent widening 
the conception of F. vaainfectum, not only to include a different species, but 
perhaps to include a species which might even not belong to the section 
Elagana at all. Possibly other workers at the same time also had a wide 
conception of the species F. udum. Particularly is this true of the work of 
Small. In 1925 Small crystallised his ideas on this fungus, and decided that 
its pathogenicity depends less on the strain of the fungus and the presence 
of a possible host plant than on the environmental conditions under which the 
fungus comes into contact with its host. With regard to the cultural charac- 
ters of the fungus he says ‘ emphasis may be laid on the constant nature and 
dirty- or creamy -yellow colour of the pionnotes.’ Finally, of its taxonomic 
position he concludes ‘ The F. udum of these notes is also distinct from F. 
udum (Berk.) Wr. and from Sherbakoff’s variety aolam of the species, and 
while it resembles F. atriatum in many points, particularly in the typical 
presence of pseudo-pionnotes, it remains nearer to F. radicicola.' F. radi- 
cicola is now regarded by Wollenweber and Beinking [1936] as a variety of 
F. javanicum, which is a member of the section MarUella, having spores with 
much thicker and more durable cell walls and septations than those of the 
members of the section Elegana. The colours of the fungus and of its spore- 
masses, judged by the rather meagre description given by Small, do not 
resemble the colours typical of F. udum. F. javanicum var. radicicola is 
a cause of potato tuber-rotting in America, and Small found his fungus to 
be so in Uganda. Experiments conducted at the Imperial Agricultural 
Research Institute have failed to demonstrate that F. udum can cause rotting 
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of tubem. On the whole, it seems probable that Small was working with a 
fungus or fungi distinct from Butler’s F. vdwm and more closely related to 
culture r 169 of this work, which may be a member of the section Martiella. 

At present it is not clear whether Wollenweber's isolate of F. udum diflFers 
from those obtained by the author in respect of its pathogenicity. WoUen- 
weber describes the fungus as a foot-rot organism. The author’s isolates 
produce a true wilt, but in the plants which are killed in the seedling stage 
a considerable amount of rotting of the cortex also occurs. It may be noted 
that the first occurrence of ‘ wilt ’ in Wollenweber’s experiments was when 
the plants were nine weeks old. This is certainly not typical of a foot-rot 
disease as understood in the Fusarium foot-rots of other crops, which usually 
show the symptoms in the very yo\ing stages. Butler [1910], describing his 
culture solution experiments, found that in the roots above the level of the 
solution the fungus ‘ led to browning of the cortical cells, visible externally as 
a distinct brown mark at the point of inoculation ’. His figure (Plate 11, fig. 1) 
certainly suggests that although the fungus is primarily a vascular invader 
it is capable also of rotting the roots. The point can only be settled by ino- 
culation experiments. 

It is proposed to caU the wilt organism of Cajanus cajan ‘ Fusarium udum 
Butl. var. cajani ’ and that of Crotalaria juncea ‘ Fusarium udum Butl. var. 
crotalariae.’ 


StTMBIAKY 

(1) This paper deals with the identity of a number of isolates of Fusarium. 
capable of causing wilt of cotton {Oossypium sp.), pigeon-pea {Cajnnus cajan) 
and sunn-hemp {Crotalaria juncea). 

(2) The fungi were grown on 2 per cent potato dextrose agar. Brown’s 
agar, Brown’s starch agar and steamed rice, and compared for all important 
cultural characteristics. 

(3) The cultures which cause typical wilt of high percentages of pigeon- 
pea and sunn-hemp were found to differ from Fusarium vasinfectum Atk. in 
three major characteristics, namely, that they produced abundant spores in 
pionnotes, these spores usually tended to be strongly hooked at the apex, and 
bright orange and yellow colours were produced on steamed rice, whereas 
F. vasinfectum produced few or no pionnotes, the spores although c\irved were 
not hooked, and the predominant colour on steamed rice was a red hue which 
changed to deep purple on addition of 2 per cent potassium hydroxide 
solution. 

(4) Several cultures causing wilt of suma-hemp produced spores much 
broader than those of F. vasinfectum or the typical pigeon-pea and sunn-hemp 
organisms, and they probably belong to the section Martiella. 

(6) The typical pigeon-pea and sunn-hemp wilt organisms, although 
sharply differentiated on a parasitic basis, are indistinguishable from one 
another morphologically and culturally, and are in fact Fusarium udum Butl., 
a highly variable species particularly with regard to ability to form chlamydos- 
pores, and as regards length of spores and range of colours produced. 

(6) A number of isolates of F. udum were compared with F. lateritium 
var. uncinatum Wr. and also with cultures of all varieties and physiologio 
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forms of F, vasinfectum, obtained from the Centraalbureau voor Sohimmel- 
cultures, Baarn. This experiment strikingly confirmed the previous con- 
clusion that F. udum is a separate species from F, vasinfectum. It proved 
that F. lateritium var. uncinatum is a synonym of the earlier species F, vdum, 
and that it produces terminal as well as intercallary chlamydospores. 

(7) The names F. udum. Butl. var. cajani and F. udum Butl. var. 
crotalariae are proposed for the wait organisms of Cajanus cajan and Grotalaria 
juncea respectively. 
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Note 

After the Ms. was submitted for publication, I received a paper entitled * The 
species concept in Fusarium^ (Syiidor, W. C. and Hansen, H. N. 1940. Amer. J. 
Bot. 27, 64-67). All of species Fusarium in the section Elegana^ including F. udum 
Butl., are formally made physiologic forms of F. oxysporum Schl. The changes are 
based on ‘ the general nature of, and variability in, Fusaria resulting from a study 
of a few of the species and varieties, and details of the evidence for the changes 
are not given. It has been clearly shown in the work described above that F. udum 
Butl. stands as a good species despite generalized remarks to the contrary. The 
significance and validity of the changes proposed, especially as they bear on the 
conclusions reached in Part III of this series of papers (Ind. J. Agric. Sci, 10 ^ 
241-84 : 1940), will be the subject of further remarks. 
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IXTBODTJCTION 

5 PATHW8 CRITOLAU 8 Nixon" is an indigenous primary ectophagous 
parasite on the grubs of the cotton-stem weevil, Pempheres affinis, in South 
India. It invariably attacks host-grubs in an advanced stage of growth. 
Normally the egg, larval and pupal stages of the parasite are all passed within 
the tunnel bored by the weevil-grub in the stem. The first record of this 
Braconid in association with this pest was by Ramakrishna Ayyar and Mar- 
gabandhu [1936]. Beyond the mere record nothing was known regarding its 
biology, habits or host relations. A knowledge of these aspects is necessary not 
merely because of the possible utilization of the parasite in the control of the 
stem weevil but also because the biology of no member of the genus Spathivs 
appears to have been studied in detail from South India. This study has been 
in progress for a period of over two years. The writer has been greatly assist- 
ed in this work, particularly in the routine part thereof, by Assistant Mr, P. 
S. Narayanaswami, and Fieldman Mr N. Muthuswami, the latter having been 
specially helpful in the collation of data and preparation of tlic tables. 

The host 

Pempheres affinis has been known in India for over 25 years. It is by 
far the worst pest of cotton wherever it occurs in South India, causing a loss 
of about 30 per cent or more in the case of severe outbreaks. The injury 
inflicted is by the extensive tunnelling of the stem by the immature stages. 
This weevil under field conditions passes through nearly three successive 
generations during the cotton season, October to March, though considerable 
overlapping of generations occurs even at the beginning of the second brood. 
From a small population of a few immigrants to cotton fields in the initial 
stages of the crop, huge populations are built up as the season advances. 
The weevil appears to be an indigenous pest from all available evidence. Its 
original source appears to be from wild food plants of the genera, Triumfetta, 
8ida and Hibiscus scattered in hills and plains. Onlj^ five species of the genus 
^ Pempheres are known so far, all being confined to the Indo-Malayan region. 
South India it has no efiective natural enemy in the field, 
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Adult parasite (Plate XLII, nos. 1, 2, 3) 

The parasite has been recently identified as a new species and described 
under the name Spathius critolaus [Nixon, 1939]. It is a slender, elongate, 
reddish-brown insect with a dark abdomen and vestigial wings, having a strong 
resemblance to Cremastogaster ants. The males are generally smaller and nar- 
rower than females. The length of ovipositor is often variable. Occasionally 
winged forms appear in both the sexes but winged males are rare and have 
been obtained only in one instance. Winged females are much commoner both 
in collections and rearings and make an appreciable proportion of the total 
females. The sizes of the adults vary within a wide range largely depending 
on the nutrition afforded during development by the host. The measurements 
of a large number collected from nature as well as those bred in the laboratory 
have been taken. The figures recorded do not include anteimae and ovi- 
positor. 

Female . — ^Length ranges between 2*63 mm. and 3*26 mm. averaging 3 ‘06 
mm. Width at the widest part of the abdomen varies from 0-70 mm. to 
0*86 mm. averaging 0*78 mm. 

Male . — ^Length varies from 2‘1 mm. to 3* 12 mm. averaging 2*626 mm. 
Width varies from 0*67 to 0*75 mm. averaging 0*713 mm. 

Technique 

Being a larval parasite of a stem borer the study of the parasite is parti- 
cularly arduous and difficult. Pempheres larvae are also perhaps the most 
difficult to rear under artificial conditions. Suitable stages of the pest were 
obtained by careful dissection of plants from the field and active non-para- 
sitised healthy stages were selected for oviposition trials. Three to four 
grubs were introduced into small cells scooped out in a fresh cotton stem pro- 
viding a thin door-like covering of the bark. The host-grubs were placed in 
position each inside a cell and covered by the lid of bark and the whole thing 
fastened by thin cotton threads. The stems were kept fresh and green by 
keeping them in culture solution provided in small tubes. The stem with 
the tube was placed in a cylindrical wire-gauze or glass cage with its open end 
protected by muslin covering. A pair of adult parasites was introduced 
into the cage and food in the shape of sugar or honey solution was supplied 
in a bit of sponge suspended from the stem. Later, raisins were substituted 
and were found to be more convenient. Every day these stems were removed 
and examined under a binocular for eggs and fresh stems with hosts supplied. 
For oviposition studies on a large scale, a pair of parasites or a mated female 
with a daily supply of fresh loaded stem and raisin were put inside long tubes 
(6 in. X 1 in.). After ovipositon the host with egg was either transferred into 
small paraffin cells made by sinking a heated nail head and covered with a 
cover glass or into small gelatin capsules. In order to gather accurate data 
on the percentage parasitism in nature, dafly or weekly coDections of plants 
were individually dissected and examined for noting the parasite stages. 

Geoobafhioal distribution 

A thorough study of its distribution has not been possible. The parasite 
has been- observed and collected from Coimbatore and its environs, Erode 
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and surrounding villages, Ramnad and Malabar districts. From Malabar the 
parasite has been obtained from plant hosts other than cotton, such as Tri- 
umfetta and Sida, As a result of observations so far made, it may be assumed 
that the parasite is distributed throughout localities where the pest exists 
in any large numbers. It has also recently been recorded [Nixon, 1939] as 
being bred from seeds of Prosopia spicigera by S. D. Bhatt in the Punjab. 
In the latter place, the macropterous forms of males seem to be more pre- 
dominant than macropterous females which is just the reverse of what occurs 
in South India. 


Host range 

The host preferences of the parasite seem to be somewhat restricted. 
In nature the parasite has been recovered from three distinct hosts, all being 
stem-borers, two of which are Curculionid grubs and the third a Bostrychid. 
It has been seen to parasitise Pempheres not only in cotton but also in various 
alternate host plants such as Triumfetta rhomboideay Sida amUiy Corchorus 
olitoriuSy Hibiscus esculentusy H. vitifoliuSy H. ficulnetis, and Malvastrum coro- 
mandelianum. Another insect which is found parasitised in nature, though 
infrequently, is the common weevil-borer grub of amaranthus {Hypolixus 
truncatulus). A third important alternate host is the Bostrychid borer (Sino- 
xylon s'udanicum Lesne) infesting Cambodia cotton stalks. This Bostrychid 
attacks occasionally even green liealthy plants in the field but prefers wilting 
plants in the field as also those collected and stored in the open. This pheno- 
menon has been taken advantage of in the matter of mass-breeding of the 
parasite by manipulation of the host in large out-door cages. 

Mating 

Mating may occur immediately on emergence in a manner typical of most 
Braconids. The male apj>ears to be particularly ready for copulation on 
issuing out of the cocoon even before feeding. In a small proportion of cases 
the sexes appeared to be indifferent to each other for a few minutes on coming 
out of the cocoon, especially when these were located at a distance in the same 
tube. The male apparently fails to recognise the female at a distance of nearly 
5 or 6 in., but when they come near enough commence to show signs of 
excitement. Several copulating pairs have been watched in the cages and 
the duration of coupling has not exceeded 40 seconds but averaged about 
20 to 25 seconds after which the female slips away. Very rarely have the 
males been noted to be able to effect a second copulation within a short in- 
terval. The same males however have been utilized to serve two to three 
females successfully at short intervals. Exposure to sunlight does not seem to 
make any difference in their behaviour except that they try to move away 
from the bright side. 


Pre-oviposition period 

The duration of time between emergence and egg-laying varied within 
a wide range in the species. This duration is probably governed by numerous 
factors such as mating, temperature and humidity, nature of food supplied 



882 


THE INDIAN JOURNAL OF AGBIOULTUBAL SOIBNOE 


[X 


and also by the nature of the host provided. This period has been accur- 
ately recorded for about 63 individuals including 12 winged fertilized 
females and 10 virgin apterous females. In mated wingless females, the 
period ranges from 2 to 16 days averaging seven days for 41 cases. In mated 
winged forms, this period ranged from 2 to 28 days averaging 9-3 days for 
12 cases. In the case of unmated females, the period ranged from 2 to 16 
daysaveraging 10*2 days for ten virgins. In order to see the number and 
nature of the development of the egg, a few females were dissected under a 
binocular during the pre-oviposition period. On an average three to five 
developed eggs and as many partly developed ones were observed. 

OviPosmoN 

The preliminary search and manoeuvres and the actual process of ovi- 
position have been carefully watched in a number of cases in cages. Mating 
is not essential for oviposition. At first the female wanders over the stem or 
sides of cages or it may stop and rest quietly in any part of the cage without 
any sign of activity. Sometimes a spot is thoroughly inspected and the ovi- 
positor inserted into and withdrawn from an artificial cleft as if feeling for the 
concealed grub. Often a spot apparently chosen was afterwards rejected. 
Not infrequently the female returns to the same spot after short wanderings 
and commences to evince a lively interest. 

Process of oviposition , — After locating a spot containing an active host, 
it takes a firm stand, raises the abdomen and directs the tip of ovipositor 
forwards and commences a search with the tip. Perhaps the position of the 
host is discovered by touch through the agency of the ovipositor sheath. 
The antennae are either extended forwards or held diverged sideways. Very 
rarely they were directed downwards. The stylets of the ovipositor are slowly 
released and projected out with the two valves of the sheath yielding and form- 
ing a loop curving backwards. The stylets are slowly thrust deeper and deeper 
through the bark where it is weak, the loop formed all the while becoming 
wider and wider. Some times these are withdrawn fully or partially and two 
or three thrusts are quickly made in the same puncture. The stylets in a great 
majority of cases remained inserted for several minutes. The parasite has 
apparently stung the host and an egg is found laid soon after. After this 
operation, the ovipositor is withdrawn and sheathed and the parasite moves 
away from the spot. Sometimes all these operations were carried out result- 
ing merely in the paralysation of the host, without the actual deposition of 
an egg. Very often artificial slits found in the stem are taken advantage 
of for insertion of ovipositor. The time taken for the process varied within 
a wide range. In the majority of cases the time taken varied between ten 
and 30 minutes. The maximum duration observed was about 90 minutes. 

Time of oviposition , — Oviposition can take place probably during all 
hours of the day and night but more during night. Generally ovippsition 
has been a common feature in cases where stems with host-grubs were supplied 
at 6 p. M. and removed at 9 A. M. the following day. On the other hand stems 
supplied at 9 a.m. and removed at 6 p.m. the same day did not give many 
egg-layings. Oviposition is more vigorous and regular in the earlier stage than 
in the later stage of the life of the female. 
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Ovipoaition record during 1936-37 
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Egg-laying 

Total eggs 

Total 

Post-oviposi- 

Serial No. 

period 

laid 

longevity 

tion period 


Mated females (wingless) 


1 

41 

43 

51 

4 

2 

53 

33 

61 

5 

3 

43 

38 

60 

5 

4 

19 

19 

51 

31 

5 

49 

20 

63 

12 

6 

19 

16 

60 

37 

7 

22 

21 

45 

14 

8 

22 

32 

33 

4 

9 

42 

44 

60 

4 

10 

12 

20 

46 

13 

11 

35 

47 

47 

2 

12 

67 

41 

71 

3 

13 

66 

23 

84 

8 

14 

29 

26 

84 

54 

16 

61 

31 

59 

4 

16 

56 

25 

72 

17 

17 

39 

17 

68 

20 

18 

29 

27 

45 

18 

19 

19 

22 

46 

? 

20 

29 

22 

1 66 

32 

21 

37 

22 

63 

21 

22 

37 

36 

44 

3 

23 

62 

21 

66 

10 

24 

20 

22 

41 

13 

25 

29 

20 

67 

21 

26 

41 

14 

88 

40 

27 

29 

16 

47 

14 

28 

39 

10 

74 

29 

29 

39 

1 

74 

29 

30 

76 

I 29 

94 

11 

31 

39 

I 22 

47 

2 

32 

39 

1 26 

107 

47 

33 

55 

16 

65 

8 

34 

37 

i 20 

62 

15 

35 

31 

i 13 1 

71 

32 


Mated females (winged) 


1 

15 

11 

39 

38 

2 

56 

53 

64 

7 

3 

16 

13 

34 

8 

4 

25 

24 

62 

33 

5 

13 

8 

51 

25 

6 

71 

i 22 

109 

23 

7 

24 

1 

67 

5 

8 

30 

26 

48 

6 
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Table I — conid. 


Serial No. 

Egg-laying 

period 

Total eggs 
laid 

Total 

longevity 

Post-oviposi- 
tion period 


Virgin females 



1 

38 

1 33 

56 

2 

2 

30 

26 

46 

? 

3 

33 

19 

39 

4 

4 

11 

10 

32 

14 

6 

59 

30 

124 

19 

6 

25 

12 

37 

1 

7 

56 

38 

70 

9 

8 

28 

15 

65 

23 


Method of locating the host. — A few experiments conducted in cages go 
to show that antennae are not probably very helpful in the process of oviposi- 
tion. It is known that many species of parasites locate the host by search 
through the olfactory sense located in the antennae. A set of three experi- 
ments was conducted with mated ovipositing females after the complete re- 
moval of antennae leaving only minute stumps. Such females were not 
very steady in their gait and showed a slight change in their behaviour. One 
of these laid four eggs and the others six each subsequent to the removal of 
the antennae. The experiments are too few to be conclusive but it looks as if 
their efficiency is thereby considerably lessened and the egg-laying capacity 
diminished. 

Position and number of eggs per host. — The number of eggs laid by a female 
per day was never large. It was commonly one, two or three and the maxi- 
mum five. The eggs are laid indiscriminately on any part of the host. These 
may be placed crosswise or lengthwise without any attachment and these may 
be easily detached by slightest shock. Sometimes the eggs are found loosely 
lying in the host tunnel amidst excreta and frass. In the matter of laying 
only one egg per host it may be considered to be very economical and not 
wasteful because within its limited egg-laying capacity it can destroy a large 
number of hosts. 

Egg-laying period and individual egg capacity. — In the case of mated wing- 
less females the length of oviposition period ranged between 12 days and 
66 days and averaged 38 days for 35 individuals (Table I). In the case of wing- 
ed forms (also mated) the range was between 13 days and 71 days averag- 
ing 31' 1 days for eight cases. Virgins showed a variation from 11 days to 
59 days averaging 35 days for eight cases. 

The same table furnishes records of the total number of eggs laid by a 
lot of 51 individuals. The maximum number noted for a female was 53 
eggs. The egg-laying capacity for mated wingless forms varied from 13 to 
47 eggs averaging 38 eggs for 35 cases. Mated winged forms showed a range 
from 8 to 53 eggs averaging 21*5 eggs for eight cases. Whereas virgins showed 
a range from 10 to 38 with an average of 23 eggs for eight cases, the virgins 
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evidently show a diminished egg-laying capacity. The post oviposition period 
is considerably prolonged in some cases and reaches a maximum of 54 days 
with a minimum of two days averaging 15*8 days for 49 individuals. 

Sdection of hoat stcigea. — ^The female always chooses an active host-grub 
and stings and paralyses it before oviposition. It seldom oviposits on grubs 
already paralysed by other insects or rendered inactive by other causes. It 
occasionally oviposits on host-grubs already paralysed by members of the 
same species. The females could not be induced to oviposit on other stages of 
Pempheres, Sinoxylon or HypoUxua such as prepupae, pupae, etc. Grubs 
boring deep into the centre of thick woody stems were rarely attacked being 
nearly inaccessible. 

Effect upon the hoat and ita aurvival. — The extent of paralysis of the host 
no doubt may vary according to circumstances. Usually the host-grub is 
rendered inert and dull. It becomes limp, relaxed and flaccid. It seldom 
moves though not dead. It does not feed and no peristaltic action is seen 
except when disturbed. In a few cases the heart beat, though feeble, was 
perceptible for some time. Such larvae showed one or more dark brown marks 
on the cuticle. These marks are really the scars produced by the sting or 
thrusts of the ovipositor. Some experiments have been conducted to test 
whether such grubs survive after freeing them of the eggs. These were never 
seen to revive, but continued, when kept in stems, to be fresh without decay 
or discoloration for a maximum period of about 15 days. They never survived 
but died a slow death after a period when they got dried up in the case of 
Pempherea and Sinoxylon grubs. It shows that such paralysis is eventually 
fatal in the case of these host* grubs. It is not a mere paralysis of the nerve 
centre since the sting marks have been found to be located on any part of the 
host-grub. The paralysis serves the admirable purpose of keeping the tissue 
of the host-grub fresh and in good condition for the newly hatched larva. The 
case of large-sized HypoUxua grubs is slightly different. In many cases the 
paralysis was only partial. Such larvae seemed to move and roll over slowly, 
wriggle or squirm to some extent apparently with a view to dislodge the egg 
or larvae. Even these grubs succumb soon after the egg hatches and the larva 
begins feeding. 

Immature stages 

Egg {Plate XLIII, fig- 1). — The eggs do not vary much in size generally 
but under-sized females have been seen to lay eggs of smaller size. The egg is 
barely visible to the naked eye. Maximum length 0*78 mm., minimum length 
0-566 mm., average length 0-66 mm. Maximum width 0*15 rnm., minimum 
width 0- 10 mm., and average width 0- 13 mm. for 35 eggs. The freshly laid 
egg is somewhat cigar-shaped and distinctly arched with the two poles un- 
equal and rounded. The cephalic end is wider and more broadly rounded, 
being nearly one-and-a-half times as broad as the caudal end. Occasionally 
the shape departs a little from the normal in having a bulb-like expansion near 
the caudal end. This may be probably due to the uneven pressure at the time 
of deposition. 

When freshly laid the egg is shining translucent white except at the caudal 
extremity which is glassy and transparent. The chorion is thin and smooth 
with no apparent sculpturing. 
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The time taken for hatching varies from one to two days averaging 1 • 4 
days for 60 observed cases. It varies according to season and temperature 
within the range indicated. 

Larva 

I stag^ larva (Plate XLIII, fig. 2 ). — ^The newly hatched larva is a clear 
white delicate creature almost transparent. It is very nearly cylindrical with a 
slightly flattened head and 13 well-delineated body segments. The integument 
is apparently naked and unarmed without any spines, setae or pigmentation but 
under the microscope presents a rough sculptured surface with setae-like minute 
elevations. The head is slightly more chitinised than body segments though 
concolorous. Under a binocular a slightly dull pouch-like stomach is visible 
in the middle. The labrum is distinct and ventral and under a binocular the 
fleshy mouth-parts and sharp mandibles (Plate XLIII, fig. 3) are clearly seen. 
The tracheal apparatus is only imperfectly visible at this stage. The mandi- 
bles are somewhat triangular with a pointed sharp little tooth the lower curved 
border of which is provided with a pair of fine denticles. 

Dimensions: Length varies between 0-62 mm. and 0-8 mm. averaging 

0- 68 nam. for 16 specimens measured. Width varies between 0- 13 mm, and 
0* 176 mm. averaging O- 15 mm. Width of head varies from 0- 1 mm. to 0* 126 
mm. averaging 0" 11 mm. 

On leaving the egg-shell, the larva crawls on the body of the host for a 
short distance and fixes its head on the host and commences to feed. Very 
often the eggs are found fallen off and detached in the tunnel and these hatch 
at a distance from the host. These tender larvse crawl aimlessly by using the 
abdominal tip and mouth-parts for locomotion. The movement is compara- 
tively rapid for its size. It attaches itself to the host if it comes across one in 
its journey. Otherwise it stops motionless, contracts and eventually dies. 
The larvse do not linger much on the dorsal or exposed surface but generally 
orawl to lateral or ventral side of the host. In a few hours the larva gets 
swollen by feeding and the stomach contents show prominently with a yellow- 
ish tint. 

II stage larva . — In general form it is similar to the previous stage but 
chiefly differs in colour and size. It is now less transparent. The shape is 
still cylindrical but the head is more globular. It is a little thicker in the 
middle and displays slight traces of the beginnings of urate cells. The cuticle 
possesses a fine covering of small setae. The larva is widest between abdomi- 
nal segments I and 3. Length varies from 1-06 mm. to 1’66 mm. averaging 

1- 21 mm, for 16 specimens. Width varies from 0*30 mm. to 0-36 mm. 
averaging 0-33 mm. Width of head varies from 0-16 mm. to 0-176 mm. 
averaging 0-33 mm, 

III stage larva . — ^In this stage the larva is slightly arched becoming thicker 
in the middle with tapering extremities. Arched segmental convexities are 
visible and are larger in the first four abdominal segments which contract and 
dilate probably to help the larva in locomotions. The head is also compara- 
tively larger and well differentiated. It is yellowish in colour. The white 
urate cells distributed on the sides and extending dorsaUy are more conspicuous 
and stand out distinctly. The trachse are more ramified. The cuticular setes 
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Fici. 5. Houd and mouth-parts of full-grown larva 
(ventral view) 


Fio. (). V and VI s(‘gnients of full-grown larva 
showing setal dis})()sition (dorsal view) 


[ a=antenna; af=: antennal foramen, ac = mandibular acron; bias— basal labio-stipital Hclorome; mxca= max illary 
cardo; ep==epi8toma; fs —frontal suture; gf = glenoid fossa ; hy=hypostoma; ipr— inferior plourostomal ramus; 
l=Hgular region; lla8=lateral labio-stipital sclerome; lis— ligular selerorae; Im—labrum; Ipa — labial palpus; 
1 se— labial seta; mas = maxillary sclerome; md=mandible, mx=maxilla; mxp—rnaxillary palpus; mx ae= 
maxillary seta; pc— preoral cavity; pi — ^pleurostoma; sdo — silk duct orifice, st s — stipital sclerome. 

MANlilBLK 

bl=blade; ac==acron; ct=:comb.likc teeth (denticles)] 
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appear more prominent when viewed under a binocular. Two dorsal rows 
of longer hairs are seen one on either side of median line. Length ranges from 
1*6 mm. to 2*36 mm. averaging 2*17 mm. for ten specimens. Width ranges 
from 0-5 mm. to 0*725 mm. averaging 0-615 mm. for ten cases. Width of head 
ranges from 0-25 mm. to 0-275 mm. averaging 0-255 mm. 

IV and final stage larva , — Size is very variable (Plate XLIII, fig. 4) 
depending on various factors particularly nourishment. Length 2-725 mm. to 
4*32 mm. averaging 3 - 3 mm. for 13 individuals. Width 0-9 mm. to 1 - 45 mm. 
averaging 0- 35 mm. Width of head 0-30 mm. to 0-45 mm. averaging 0*35 mm. 
Length of antennae varies from 0-02 mm. to 0-025 mm. averaging 0-022 mm. 
for nine cases. In general shape, this and the previous stage are more or less 
similar. It is crescent shaped in its lateral aspect and is typically hymenop- 
terous in form with a distinct head followed by 13 segments. It is widest in 
the middle tapering bluntly towards extremities. The general colour is still 
yellowish with a dirty brownish yellow mid-intestine. The granular urate 
cells show themselves more prominently. The segmental transverse lobes 
are more pronounced imparting a slightly flattened appearance. The body has 
a smooth appearance but under a binocular appears to be closely set with 
numerous minute setae or spines. 

Head , — In rough outline it has the appearance of a truncated heart with 
a sort of chin below. The truncated cone-like antennae are larger and are 
placed on cuticular disc-like elevations. The integument is more chitinised 
and hard than in the early stages. The buccal organs (Plate XLIII, fig. 5) are 
visible and well defined. The upper lip is a thin semi-circular membrane 
partially covering the mandibles. The mandibles are more heavily chitinised, 
larger and sharper. They are disposed horizontally and are directed inwards 
and downwards. These bear five small comb-like denticles on the posterior 
edge ; the maxillae are membranous having a pair of maxillary palps. The 
labium is transparent bearing sensorial setae. The salivary duct opens at the 
apex of the labium. 

Body , — Body consists of 13 segments. Each segment has a number of 
fine, short setae with a median long hair three or four times as long as the setae 
(Plate XLIII, fig. 6). These hairs are so arranged as to form a dorsal median 
longitudinal row among the tegumentary setae. Tlie nine spiracles are clear 
and are located in slight depressions near the anterior border of the corres- 
ponding segment. The respiratory system as usual is made up of two longi- 
tudinal trunks connected anteriorly and posteriorly by transverse commis- 
sures. Each lateral trunk is connected to the spiracles by spiracular branches. 
At the root of each spiracular branch there are fine branches proceeding both 
dorsally and ventrally. These are seen to ramify extensively. 

Larval development , — The parasites fail to develop when they are trans- 
ferred while young to a non-paralysed healthy grub with mangled mouth-parts. 
Such hosts soon get diseased, darkened or fungus attacked. On transferring 
a parasite larva from one paralysed grub to another, normal development 
followed. Normal development does not take place when host-grubs killed 
in hot water are substituted. The entire question of development is governed 
not only by the quantity of food afforded but also quality and a paralysed 
larva constitutes the best medium. 
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Oocoon 

The full-grown larva stops feeding, leaves the host remains and in about 
24 hours starts spinning a cocoon about itself in the same tunnel in some suit- 
able spot. This silken cocoon is perfectly white in colour. It is more or less 
uniform forming a complete parchment-like covering for the larva. The shape 
is not always uniform in cages. It is generally cylindrical and tubular in 
outline in nature but may be slightly short or loose or rhomboid in cages. 
When disturbed at this stage, tlie larva may enter into prepupal and pupal 
stage outside such cocoons or fail to develop further. In paraffin cells and 
gelatin capsules the cocoon was usually much thinner and sparsely lined with 
threads. In a small percentage of such cases no cocoon worth the name was 
spun and pupation occurred naked. Larvae confined in tubes and flat surfaces 
on depression slides very often did not spin any cocoon except having a few 
loose threads thrown out irregularly. Apparently the walls of the tunnel, 
bark or any rough surface are required for scaffolding. The time taken to 
complete the covering averaged between 10 and 15 hours in a dozen cases noted. 
In about six hours a thin covering is more or less completed and the larva is 
barely visible through the cocoon. The female cocoons were slightly larger 
than those of males. Average length and width of 33 female cocoons were 
5*5 mm. and 1*6 mm. The average length and width of male cocoons were 
4*7 mm. and 1*6 mm. 

Prepupa 

Shortly after the completion of the cocoon the larva enters into the pre- 
pupal stage, having cast off the meconium in the shape of a brownish-dark mass 
at the posterior end of the cocoon. The larva does not undergo any material 
change except that it is motionless and slightly shrunken in size save at the 
thoracic portion. 

Pupa 

Just prior to pupation the last larval cuticle splits and is slipped off to the 
posterior end of the cocoon. The pupa at this stage is creamy while with 
even the eyes white. In a day the pigment appears first on pronotum and 
head. In another two days the eyes turn pinkish. The appendages are held 
loosely attached to the body. The pupa soon turns slightly yellow, becomes 
brown in another day and accpiires the outline of the adult segments as also 
its colour and shape. 

Emergence of the adult 

When the pupa reaches maturity the fully formed adult becomes active 
and movements of head, antennao and front logs may be seen. A small irre- 
gularly circular aperture is eaten at the anterior end of the cocoon a little on 
the dorsal or lateral aspect and the adult emerges out of the cocoon into the 
host tunnel. After gnawing a small rounded aperture through the bark or 
stem the adult makes its final exit into the outside world. 

Life-cycle 

The data on life-cycle periods were obtained from individual roarings from 
egg to adult in paraffin vials, gelatin capsules or in cells hollowed out in small 
bits of cotton stems confined in tubes. Life-cycle periods have been thus 
recorded for over 200 adults during 1936-37. Table II presents complete 
data for several stadia in relation to sex and host. 
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Table II 



Duration 

Average 


Parasite stage 

of range 

in 

No. of 

in days 

days 

cases 

Egg period ....... 

1-2 

1-2 

26 

Larval period, females 

3-8 

4*77 

13 

Larval period, males ...... 

3-7 

4*64 

11 

Pre-pupal period, females ..... 

1-3 

2*3 

9 

Pre-pupal period, males ..... 

1-3 

2-76 

4 

Pupal period, females ...... 

5-13 

8*6 

12 

Pupal period, males ...... 

6-10 

7-6 

4 

Total period of females from egg to adult during 

12-19 

160 

37 

April to December 1936 on Pempheres 

Total period of males from egg to adult during 

11-20 

14-3 

61 

April to December 1936 on Pempheres 

Total period of females from egg to adult dur- 

17-27 

19-9 

46 

ing April to Decf^mber 1936 on Hypolixus 

Total period of males from egg to adult during 

13-28 

18*7 

35 

April to December 1936 on Hypolixus 

) 




Table III 

Data on life, cycle periods on the host Sinoxylon sudanicuin during the months 

July to September W'ib 


\ Duration « Average 

Parasite stage j of range | in No. of 

! in days 1 days cases 


j 


Egg period 

i 

1-2 


1*3 

6 

Larval period 

4 


4*0 

5 

Prepupal period ....... 

1-2 


IS 

5 

Pupal period 

7-10 


8-4 

5 

Total life-cycle from egg to adult, females 

13-18 


17*2 

15 

Total life-cycle from egg to adult, males 

14-18 i 

1 

1 

170 

45 

The total life-cycle duration showed slig 

1 

ht variation 

during 

the three 


different months. 
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The parasite has also been successfully reared on another host, i.e. on 
mature grubs of pulse bruchids, Bruehua theobromce L. The rearing technique 
was the same as in other hosts. The total life-cycle period from egg to adult 
in Jime-July 1936 occupied about 18 days for both the sexes. 

Seasonal variations in life-cycle periods . — ^For about 270 parasites consist- 
ing of males and females reared individually on different hosts during the 
period 1936-37, the life-cycle periods have been carefully recorded. The 
figures represent the averages of life-cycle periods work^ out for several 
males and females during all the weeks of the month. 

Table IV 


Seasonal variation in life-cycle duration, in days, on different hosts for males and 

females, 1936-37 



1936 

1937 

Month 

Pempherea 

Hypolixua 

Sinoxylon 

Hypolixua 


Females 

Males 

Females 

Males 

Females 

Males 

Females 

Males 

April 

days 

days 

days 

days 

days 

days 

days 

days 

131 

130 


130 

, , 

. . 

13*4 

13*6 

May 

14*4 

13-8 

16-2 

. . 

, , 

. , 

16-2 

14-6 

June 

17-8 

14-2 

200 

, , 

, , 

, , 

18-0 

18-5 

July 

16*6 

16-7 

190 

16*6 

16-7 

15-9 

19*5 

19-6 

August . 

, . 


. . 

. , 

180 

18-0 

16-2 

18-3 

September 

, , 

. . 

18*6 

16-0 

170 

170 

20-8 

17-6 

October 

, , 

. . 

19-6 

18-0 

, , 

, , 

18-7 

17-6 

November 

180 

160 

20-9 

19-2 

, , 

, , 

190 

20-6 

December 



22 0 

200 

■■ 1 

• • 

19-0 

27-0 


The records of roarings on Hypdlixus in the year 1937 show that the males 
have a slightly longer life-cycle period than the females. 

Effect of climatic factors on the life-cycle . — For the years 1936, 1 937 and 
part of 1938, the mean temperatures and humidities have been presented in 
a graphical form in Figs. 1 and 2. The months of March, April and part of 
May happen to be hottest periods of the year when the temperature is at the 
highest (mean 89-6°F.) with a low mean humidity of 62-7 per cent to 66 per 
cent. The development of the parasite is seen to be the quickest at this period 
with the shortest duration in the egg, larval and pupal stages. The life-cycle 
period reaches a minimum of 11 days with a maximum of 14 days in April 
averaging 13-6 days for about a dozen individuals reared. With the advent 
of monsoon in the latter part of May though the temperature is still high , there 
is a rise in humidity to some extent. The duration of life-cycle ranges between 
13 and 16 days averaging about 14-9 days for 19 individuals reared during the 
month. In June there occurs a sudden fall in temperature from 89' 5 to 82*0 
with a rise in humidity from 66 • 9 to 66 • 3 per cent and the life-cycle period 
ranges from 16 to 20 days averaging 18 days. From July to November 
there is a gradual fall in temperature with an increase in humidity. The 
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former drops down to 77°-78® F. and the latter rises to 73 per cent in Novem- 
ber with slight fluctuations. The life-cycle, therefore, gets prolonged from 
about 15 days in May to about 24 days and 27 days in November-December. 
There are slight fluctuations in the weather conditions during the months, such 
as a warm spell or heavy rains and these are more or less reflected in the slight 
reduction or prolongation of the duration of the life-cycle from 17 to 27 
days as may be seen from Table TV. Leaving out the exceptional in- 
crease in humidity to 73*3 per cent in November, it may be noted that the 
variations in humidity during the months of June to December are found 
witlBn the brief limits of 65 per cent to 68 per cent, whereas the deviations* 
in temperature are slightly more pronounced as is manifested by the fall from 
82® to nearly 77® F. It may be inferred, therefore, that the temperature per- 
haps is the more dominant of the factors in controlUng the duration of the 
stages although the humidity factor is seen to exert its influence by either 
accentuating the former’s effect by a decrease or considerably diminishing the 
same by a sharp rise. The data recorded from the rearings in 1937 confirm 
the above observations. During the cooler months the incubation is prolonged 
from one to two days, the larval period from three to eight days, the prepupal 
period from one to three days and the pupal period from 5 to 13 days. 
Excess of humidity manifests itself in an increase in fungus diseases or in the 
rapid multiplication of the predaceous laboratory mite Pedicvloides ventricosua 
Newpt. This mite has been a constant menace in the laboratory in spite of 
all precautions. 



Humidity (per cent) 

Fig* 1. Temperature-humidity, oiirvo, 1936 
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Humidity (per cent) 

Fig. 2. Temporature-humidity curve, 1937 


Habits of the adult 

This species seems to be active both during day and night as swn from 
beh?vLurTn large outdoor breeding cages. During the bright sunny 
Viniirs of the day they seem to take shelter in shady hiding places. These 
E r^st on u JerSofleaves or in crevices in soils. The best time for hem 

ppd from their longevity records when fed on cotton flowers. Prob y 
ire thek usual and nLral food is nectar of flowers. They i^ aJso capable 
of and reproducing to a slight extent without any food ^hatev^ 

Sctions to dvmate.-ln outdoor cages and in opn 
breeding on Bostrychids in cotton stalks, their activities are at the minmum 
dS?a^V days No collection has been possible for some dnys 
Sv^also Llike wet surfaces. Sometimes they toplay a pecuhar h^ of 
fow4 death. When suddenly disturbed or shaken m a cage ^fW to 
drOT ^wn, they remain still and motionless for a time as if d^, ^ 

S wX exteJIded antenna, but resume activity in two or thr^““!^^ 
The activity of the males differs considerably from that of females. T y 
either move about quickly in cages in search of females or for nounshm 
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They may also rest quietly for hours together on sides of cages, on stems or 
muslin covers and plugs 

Parthenogenesis, — Virgin females after the usual pre-oviposition period 
readily oviposit and such eggs are seen to have a normal development. The 
progeny in aU known instances of parthenogenesis invariably happened to be 
males. Eight virgins laid a total of 183 eggs out of which 24 adults (or 13*1 
per cent) developed, all being males. Whereas the percentage of eggs that 
successfully developed out of 34 mated females was slightly higher, i.e. 19-6. 
Such variations may have been influenced by factors other than non -fertili- 
zation. 

Occasional production of winged forms. — It has been observed that a small 
proportion of winged forms, particularly among the females appear occasionally 
which is a highly desirable feature for facilitating dispersal. Out of a total 
collection of 2,482 females there were only 272 winged (10*9 per cent). Winged 
forms among males have been very rare and only one winged form has been, 
during this long period, reared in the laboratory. Winged forms have been 
reared among the progeny of wingless ones. 

Adult longevity. — ^These parasites are hardy insects which can stand 
strain and adverse conditions. Their longevity under optimum ecological 
conditions provided in the laboratory is seen to extend over five months (over 
160 days). In order to study the relative length of life of the species, an 
extensive series of experiments running over several months during 1936-37 
was conducted with a supply of various kinds of food. Nearly 300 adults of 
both the sexes, mated as well as unmated, mated females allowed to oviposit 
and otherwise, were experimented upon. Each individual w as confined in a 
separate cage with a daily supply of the particular kind of food and daily 
observations were made until its death. The results are briefly summarised 
aa follows : — ^The maximum record of longevity has risen to 162 days for an 
unmated male fed on nectar of cotton flowers. Unmated females have also 
lived up to 160 days on sugar solution. Sucli lengthened periods of life have 
been noted in a greater number of females than males. It has also been evi- 
dent that unmated adults of both sexes generally show* greater longevity than 
mated ones, the maximum for mated females and males being only 112 days 
each. The females are much more hardy and have been noted to live for 
pretty long periods even without food. The males on the other hand live only 
for a maximum of eiglit days without food. The greatest longevity, varying 
between 100 and 162 days, has been obtained with foods like cotton flow ers, 
sugar solution, honey solution and raisin. In the matter of flow^ers, those of 
cotton appears to be the best among the few" tested. The maximum longevity 
with cotton stems alone reaches 39 days. Females caged w ith a mere supply 
of host stages in cotton stems showed a maximum j)eriod of 39 days. This 
observation probably serves to prove that the adults do not feed on the body 
fluids of the host. With a daily supply of host stages in stems and food in the 
shape of honey, sugar solution or raisin the female longevity varied from 32 
to 124 days averaging 61 days for 51 individuals. 

Mortality in laboratory rearm gs 

There are numerous factors that govern the rate of multiplication of the 
parasites in laboratory breeding experiments. Out of a total of 882 eggs laid 
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by a batch of 34 females it is seen that only 173 (19*6 per cent) adults suooess- 
fuUy developed. The population increase during the first generation per 100 
females comes to only 620 adults and only 63 per cent of these (i.e. 276) are 
females. But it has to be borne in mind that these factors may not necessarily 
be operating in nature and that the rate of increase under natural conditions 
may be consideraby higher than that observed under artificial conditions in 
the laboratory. 

ToM efficiency of the parasite 

For 67 females tested in this series a total of 1,297 eggs were obtained, or 
22* 8 eggs per female. In other words every female by actual oviposition 
destroyed on an average (taking one egg per host as normal) nearly 23 hosts. 
Besides these, the same 67 females destroyed a total of 766 hosts by a process 
of mere stinging and paralysation which works up to 13 -2 hosts per female. 
Every female, therefore, is seen to have actually destroyed on an average 66 
per cent more of hosts than are oviposited upon. This is admittedly an im- 
portant attribute of an efficient parasite which has to be taken into account 
when evaluating its total efficiency in nature. 

Natural parasitism of the. species in cotton fields, 1935-38. — ^For nearly 
three seasons during the period 1935-38, records of natural parasitism at the 
Cotton Breeding Station have been maintained as a routine part of the work. 
A few records have been obtained from other areas, such as Srivilliputhur in 
Bamnad district.* Thousands of cotton plants were collected and indivi- 
dually examined for every season so as to record the percentage of parasitism 
in relation to pest incidence. The rate of parasitism of this species alone has 
been always low and has never been seen to exceed one per cent (May, 1936). 
But one important point that has to be borne in mind is that this is the only 
parasite that occurs in some numbers during the first generation of the pest. 

Mass-bbbedikg of the species in the laboratory and large outdoor 

CAGES 

Scarcity of Pempheres during the greater part of the year necessitated 
an assiduous search for alternative hosts. A systematic and extensive collec- 
tion and caging of all common stem borers and others belonging to various 
families, such as Curculionids, Cerarabycids, Bostrychids, Bruchids, etc. was 
pursued. As a result, two alternative hosts were discovered — the common 
amaranthus-stem borer, Hypolixus truncatvlus, and the Bostrychid borer 
attacking Cambodia stem, Sinoxylon sudanicum. The former weevil is a 
common borer of the weed amaranthus which is available in plenty at aU 
seasons of the year. Though a convenient laboratory host, it was soon found 
that this host will not admit of any large-scale breeding of the parasites except 
for maintaining a small laboratory stock of the species. The other host was 
not very amenable for laboratory manipulation. By experiments it was dis- 
covered that green Cambodia plants pulled out and kept exposed in the open 
for two to three days served to attract these insects. This discovery prov- 
ed to be of considerable use in an attempt at mass breeding. After a few 
experiments in the laboratory in small cages, large outdoor cages were devised 

* The writer is thankful to Mr V. Margabandhu for the data from Bamnad district* 




* Srivilliputh\ir area. ** Coimbatore area, 

t These data were obtained from an off-seasonal crop sown in February 1937, 
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and substituted for the piupose.' Large collections of fresh and slightly wilted 
cotton stalks were first stocked in such cages. Bostrychid adults were secured 
either from infested cotton stalks found in nature or by attracting the same 
to wilting plants kept exposed for the purpose. These beetles were introduced 
into the cages and allowed to bore and breed in the fresh material provided. 
After a period of about three weeks, when by examination the right types of 
host-grubs were found to occur, mated female parasites were liberated in the 
cages from the laboratory stock. In a fortnight to three weeks after libera- 
tion, adult parasites continued to emerge. This process was continued with- 
out interruption by artificial manipulation of the host so as to produce over- 
lapping broods. The problem of the scarcity of Pe/mpherea stages was thus 
partially solved. As many as 4,769 parasites have thus been br^. 

Pboportion of sexes 

The proportion of sexes for a total collection of 2,732 adults from outdoor 
cages in 1936 was 62 • 4 per cent females and 47 • 6 per cent males. The winged 
forms among females work to 11 "4 per cent. For a catch of 2,127 adults in 
1937 the proportion of females to males was 56-4 per cent to 43*6 per cent. 
Winged females formed only 7 • 7 per cent among females. There was a soli- 
tary instance of a winged male in the rearing. 

The proportion of males to females varied within a wide range during the 
different months. From 57*7 per cent females in March 1936 the number 
dwindled to 23*9 per cent in July. Thereafter these were on the increase. 
From 31*4 per cent in August the percentage rose to 63*7 per cent in Decem- 
ber. From almost equal proportions in January 1937 the females dwindled 
to 37 • 8 per cent in April which gradually ascended to 60 per cent in December. 
As is the case with a number of other parasites, an automatic adjustment of 
the proportion of sexes is evident in this species with a view to ensure maxi- 
mum reproductive capacity. When the proportion of females is large, i.e. 
when females are considerably in excess of males, parthenogenetic reproduc- 
tion ensues in a largo percentage producing only male progeny so as to raise 
the proportion of males. With the increase in males the females undergo a 
reduction in numbers. With increased opportunities for all females to get 
mated their productivity is increased and the females gradually rise in num- 
bers so as to gain their normal proportions. It is not known whether such 
oscillations in the proportion of sexes is influenced by other factors, such as 
abundance or size of hosts, etc. 

Experimental releases and recoveries in large field cages . — ^In order to gauge 
the possibility of increasing the efficiency of the parasite in nature, a few ex- 
perimental releases of parasites in field cages were attempted. As pointed out 
already the parasite makes its appearance in the field during the first genera- 
tion of the pest when the percentage of infestation is low. At this period the 
host-stages are not located far away from the surface of stems since the plants, 
being young, possess only thin and slender stems. Paucity of parasites at 
this period could be artificially remedied to some extent by keeping ready a 
stock of parasites by mass-breeding and liberation at the right time. A few 
experimental releases were planned and tried during the period. A preli- 
minaiy trial in cages was attempted early in 1937 but this was vitiated since 
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the caged plants were heavily covered with ants, aphids and coccids. Since 
the parasites were readily attacked by the ants, this experiment was aban* 
doned and a second trial was conducted in another cage towards the close of 
1937. Plants were grown in this cage during September 1937. These plants 
were artificially infested by the introduction of a sufficient number of weevils. 
As weevils bred in cotton were not available at the time those obtained from 
alternate host plants, like Triumfetta rhxytnhoidea, were utilized for infestation. 
It was later on discovered that only a very small proportion of the weevils had 
oviposited on these cotton plants. The infestation, therefore, was not heavy 
and the host stages were scarce. Yet liberations of parasites were made from 
November onwards till February 1938. Since only a small percentage of 
plants was found to be infested, only such plants as were, by external scrutiny, 
noticed to be attacked by a weevil were pulled out and examined month after 
month. The results of these examinations are presented in Table VI. From 
the figures it may seem that the infestations and percentages were sometimes 
high but the live stages happened to be comparatively few. The percent- 
age parasitism was worked out on the basis of live and dead stages together 
as also on total infestations. 

Table VI 


Parasite rdeases and recoveries in cages 
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; 48 ! 
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j 1 

1 

1 
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much fewer than 
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! 


1 

i 

1 i 

the infestation 





1 i 

yiercontages might 

January 

23 

1000 

I 21-4 

; 17*6 

apparently indi- 




1 


cate. 

February 

4 

1 i 

1000 

! 60 0 

j 33-3 



It may be pointed out that no satisfactory conclusions can be deduced from 
this experiment owing to the development of the unexpected handicap men- 
tioned already. It may, however, be inferred that a higher rate of parasitism 
can probably be induced in nattme by repeated and large-scale releases of 
pamsites at the proper time. 

POTBKTIALmBS 

The life-cycle of the parasite covers normally a little over two weeks, 
whereas the pest multiplies comparatively slowly under field conditions having 
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a very long life-cycle occupying .nearly seven to eight weeks. The parasites 
can theoretically accomplish neariy three generations before the host completes 
one. The average reproductive Capacity of the parasite appears to be in no 
way inferior to that of the pest. Though the maximum egg capacity of the 
weevil, as recently observed, may rise as high as 164, the average capacity 
sddom goes above 24 eggs per female under optimum environmratal condi- 
tions. The parasite on the other hand possesses an average capacity of 22 
to 24 eggs. Considering the numerical equality in the proportion of sexes, the 
parasite can multiply rapidly and attain abundance in a short period so as to 
overtake the pest. Yet the rate of natural parasitism in cotton field condi- 
tions has never been seen to rise over one per cent. This may be due to a num- 
ber of handicaps. The first and foremost among these may be located in the 
inherent habits and habitats of the pest. The most vulnerable part of its life 
is spent within the protected situation of the woody stem which is compara- 
tively inaccessible. To some extent this handicap may be overcome by the pre- 
sence of a comparatively long ovipositor in this particular species of parasite. 
A far more serious limitation is the restricted choice of victims. Parasitisation 
is possible only on a particular stadium in the life-cycle of the pest. Only 
medium-sized and mature grubs of the weevil are capable of being parasitised — 
the earlier and later stages being comparatively immune and the parasite may 
have to remain idle for long or short periods on account of the absence of the 
appropriate stages. Compensation for this to some extent may be found in 
the lengthened larval period and uneven development of the host, whereby, 
even in the first generation, grubs of varying ages may be found for long periods. 
In later generations considerable overlapping of broods occurs and suitable 
stages may be available at least in small numbers at all times. It is natural 
that such host stages may lie scattered in different plants located at short 
distances from one another. The parasite may not be able to explore any 
large area as it possesses only vestigial wings. This is another handicap 
operating against quick dispersal which is however mitigated to a great extent 
by the occurrence of a small percentage of winged forms, particularly among 
females. Another, perhaps more serious, difficulty is that the cotton season 
normally closes by the end of March, i.e. during the third generation of the host. 
By this time the live population of the weevil has already dwindled to very 
small proportions and to add to this the entire crop is removed and the para- 
site is confronted with the problem of tiding over the off-season. The entire 
absence of host stages in nature may constitute another drawback in its con- 
tinued multiplication. This difficulty can be easily overcome in more than 
one way. Fortunately the adult life of the parasite is considerably prolonged, 
extending over five months under favourable conditions. It can therefore 
even survive a waiting period. Besides, the parasite can continue in nature at 
least in small numbers without extinction in an alternate host, like Hypolixus, 
w'hich is available at all seasons. It can also maintain a small population on 
Pempherea itself which is now known to have a variety of alternate host plants. 
Many such alternate host plants have yielded this parasite, though in small 
numbers, in a variety of situations. Fai more important than any of these is 
the facility afforded by the Bostrychid — Sinoxylon — ^for its easy multipfica- 
tion so as to tide the off season. This Bostrychid freely breeds in wffiting 
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Cambodia plants as also in those pulled out and stacked near cotton fields. By 
artificial manipulation of the broods, suitable stages for parasitisation ccm be 
continuously made available for pretty long periods. 

Further there are a few other attributes of the parasite which are highly 
conducive to its efficiency. The occurrence of the parasite in most localities 
where the pest is found and its capacity to attack Pempheres in very nearly 
all of its alternate host plants is decidedly to its advantage. The parasite, so 
far as has been ascertained, is free from the attentions of any secondary or 
hyperparasite. Its capacity to destroy more hosts than are actually oviposited 
upon is anothm* point in its favour. The discrimination displayed in the 
choice of the host from among healthy active ones and the economy practised 
in its oviposition tend to enhance its efficiency. Its eggs are evenly distributed 
and over a larger number of hosts and the wastefulness of many a parasites is 
eschewed. Its crowning attribute is that it attacks the pest in its fimt genera- 
tion when the incidence is very low. The majority of host stages are easUy 
accessible being nearer the surface in the stems because the plants at this stage 
are very young, tender and thin. Even a small percentage of mortality caus^ 
at the beginning of an outbreak is very effective because the weevil is known 
to multiply and build up its heavy population more by continuous breeding 
on the same crop rather than by any wave of immigrants. Since parasitism 
is restricted to only fuU-grown grubs it might be argued that the parasite 
begins to operate a day after the fair when the pest has completed its damage. 
This might be true in the case of other pests but not of this weevil. The initial 
percentage of incidence of this pest is usually low and the damage caused in the 
beginning of the season, though not negligible, is not appreciable. It is the 
potential increase of the damage as the generations advance that is a real 
source of danger which requires to be warded off. But the percentage of 
parasitism in nature at this stage is too low and inefficient to arrest the multi- 
plication and spread of the pest. Yet the utility of even this small rate of 
parasitism cannot be ignored in the maintenance of the balance in nature. 
The problem is that In spite of possessing such favourable attributes it is still 
not an effective parasite in the field. The reason may be that the parasites 
are not numerically strong during this critical time which defect can be recti- 
fied by artificial means and the percentage parasitism increased as in experi- 
mental cages. The question of enhancing the efficiency of an indigenous 
parasite in its native environment is a great experiment in an unexplored line 
of investigation in this country ; and the present studies, despite the know- 
ledge gained so far, are yet preliminary. There are a few instances of success 
in other parts of the world. The parasite certainly has possibilities and ex- 
tensive trials with the parasite are worth making though success is not assured. 
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Intkoduotion 

A LTHOUGH Pempheres affinis has been the subject of study for many years, 
** and considerable knowledge has been accumulated on its general biology, 
comparatively little is known of the power of reproduction of the adult female. 
This is indeed surprising since it is the adult female’s habit of oviposition on 
cotton that makes for its numerical abundance, destructiveness and economic 
importance. 

It is recognised that physical conditions exercise a profound influence 
on the physiological activity of any insect, including its oviposition. The 
writers carried out some studies on the behaviour oi Pempheres under controlled 
conditions of temperature and humidity*. In the course of such studies, 
considerable new light was shed on its ovipositional response. It was noted 
that its fecundity was increased to enormous proportions with a supply of 
certain kinds of foods, the physical conditions remaining the same. This 
observation led the writers to feel the imperative need of studying the nutri- 
tional physiology of the weevil, particularly in relation to its productivity. 
Such studies are deemed to be capable of yielding results of practical import- 
ance. They may afford clues for its successful control. 

It is observed that some work has already been done on the subject of 
insect dietetics. These have been summarized by Uvarov [1928]. Among 
such contributions those of Larson and Fischer [1925] and Norris [1934] 
may be considered as pioneer investigations. Recent researches have also 
been largely directed towards an analysis of the effect of individual consti- 
tuents of food on insect physiology ; and contribution on this aspect is already 
on the increase. Among these, the investigations on Agrotis, Pyrausta and 
Loxosteg^ by Kozhantshikov [1938], on Ludlia by Dorman et al. [1938], on 
Rhagoletis pomoneUa by Dean [1938], on Aphids by Evans [1938], etc. form some 
of the more important contributions. Among Coleoptera it is only the Tene- 
brionidae, Bruchids and Dermestids that have received some attention 
in this respect. These notwithstanding, the problem of the role of food 

*The results of these studiee are embodied in a separate contribution by the authors. 
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and its oonstitnents on the fecundity and longevity of inseote may be regarded 
practically ae a virgin field and particularly so in regard to the group of insects 
known as weevils. 

These considerations served to bring into prominence the need for the 
study of the character and composition of food-requirements, both qualitative- 
ly and quantitatively, of Pempheres. Some experimental work was therefore 
started as a mere preliminary to such studies by the middle of 1938. In 
pursuance of such studies the oviposition of over 100 females has been 
studied with a variety of foods and more or less identical physical conditions 
between the period of July to December 1938. It is the purpose of the 
present paper to record the results of these studies. 

Review of pbevious work on Psmpbekbs 

Previous records dealing with oviposition of Pempherea are scanty. The 
few general references on its life-history yield very little data on its fecundity. 
This may be partly due to the fact that egg-laying records of the weevil are 
difficult to obtain. The eggs are laid concealed in cavities especially made 
in the bark of plants often without external indications in the form of soars. 
The earliest workers such as Le&oy [1908], Fletcher [1913], Ramakrishna 
Ayyar [1918], etc. are more or less silent over this aspect. Ballard [1923] 
has recorded an average egg capacity of 15 ■ 5 eggs per female with an average 
longevity of 16*7 days per female with a maximum of 30 eggs per female 
qualified by the remarks that in nature the egg-laying capacity may be greater. 
The present authors in the course of trials with about 500 females (1937-38) 
under controlled physical conditions noted a maximum of 121 eggs per female 
during a maximum life span of about three months, the average egg-laying 
capacity per female being 46. 

Methods of study 

The methods employed in the study of this aspect on this weevil by the 
present authors and those by previous investigators appear to be different. 
In oases where plants were exposed to weevils for oviposition in fairly large 
cages, the maintenance of the live plant in condition in cages and the micro- 
scopic examination of all the plant-parts would appear to be very tedious and 
uncertain. In the present studies the weevils utilised for experiments con- 
sisted of newly emerged adults from caged cotton stalks. The cages employed 
were 6 in. x 1 in. glass tubes with mouths plugged with clean cotton. Mating 
took place frequently throughout their life. Previous experiments by authors 
have shown that no difference in productivity or fertility is produced by isola- 
tion of males after a day or two or more. Instead of supplying entire plants 
for oviposition, small bits of fresh cotton stalks less than an inch in length 
were introduced into these cages. These were almost regularly removed after 
24 hours or longer intervals and examined by careful dissection under a 
binocular. The daily counts of eggs were recorded. Fresh bits of stalks were 
supplied in the same manner. The specific food selected for trial was intro- 
duced into the cage and removed daily. These cages were kept under uni- 
form conditions of temperature, humidity and light in the laboratory. Daily 
records of these factors were also maintaiped. Any difference [n the eggs 
Iwd or longevity observed in each such set was therefore attributable to the 
differences in the nature, composition and quantity of the food supplied. 
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Very little is known about the feeding habits of the adult female. That 
the main source of the food of the adult weevil is the stem of cotton is apparent 
from the feeding punctures caused in stem apart from those made for egg 
deposition. Whether the female supplements it by feeding punctures on any 
other part of the cotton plant in nature has not been investigated. 

Expbbimbnts with different kinds of food 

All the trials were carried out under almost identical conditions of tem- 
perature and humidity within a narrow range from 81° to 83° F. and about 
73 per cent relative humidity. 

The oviposition and longevity of the insect were tested with the following 
foods : 

Experiment 1 

With no artificial food. — ^Twelve pairs were tried under this head. No 
artificial food of any kind was supphed. The adults were deprived of even 
water. A small bit of fresh cotton stalk about an inch in length was supplied 
as a medium of oviposition. 

The females laid an average of 4 • 01 eggs with an average life-span of 9 • 01 
days. The Tnaximiim number of eggs laid by a single female was about 
20. The m aximum longevity recorded is about 15 days. Nearly 33 per cent 
females failed to oviposit. 

Experiment II 

Witiiout artificial food but with a supply of waier. — Twelve pairs were under 
observation in this series. The average number of eggs laid per female was 
4-3 with an average life-span of eight days. The maximum number of eggs 
laid by a single female was about 11. It was found that the productivity 
has not been improved upon by a supply of water. On the other hand, 
maxima recorded for oviposition and longevity have decreased to a small 
extent. 

Experiment III 

With a supply of sugar solution. — Only seven pairs of adults were under 
trial in this category. These were provided with a daily supply of sugar solu- 
tion by means of cotton wool soaked in the same. 

It may be seen that an average of 25 • 3 eggs per female was deposited w'ith 
an average life-period of 63 • 7 days. The maximum number of eggs laid by a 
female was about 41 and maximum duration of life nearly 62 days. There 
was no instance of a female that failed to oviposit. It is evident from the data 
recorded that the effect of a sugar diet on longevity as also on fecundity 
is very pronounced. 

Experiment IV 

With a supply of sucrose solution . — ^Twelve pairs of adults were kept under 
observation with a supply of sucrose solution as food. 

There was an average number of 16 *7 eggs with an average duration 
of life of 62 days per female. The maximum number of eggs laid by 
a single female has risen to 86 with a maximum longevity of 91 



604 the INMAN JOUBNAL of AGBlOtJLTUBAL SOIBNCa [X 

days. A small percentage^ namely 8*3, of females failed to oriposit. 
Sucrose which is 100 per cent carbohydrate and said to possess great 
life-sustaining value has provided interesting data demonstrating the effect 
of an exclusive carbohydrate nutrition. In regard to longevity though the 
average does not show an increase, it is clear from the maximum of 91 
days that the life-sustaining function of this constituent is remarkable. It 
has also clearly brought out that the productivity is diminished in that 
the average and the maximum number of eggs laid are decidedly lower 
than those with a sugary diet. 

Experiment V 

With honey solution. — ^Honey which is made up of 81 • 2 per cent carbohyd- 
rate and 0*4 per cent proteins was provided as food for a set of 12 pairs. 

It has shown an average of 19*1 eggs with an average life duration of 
30*3 days. The maximum number of eggs laid by a single female was 
47. These data are of considerable interest when compared with sucrose 
or sugar diet. Honey which contains a trace of protein has shown a 
slight increase in the average productivity over sucrose though decidedly 
less than that with sugar. In the matter of maximum egg capacity, honey 
has produced such a high number as 47 as compared with 35 and 41 
by sucrose and sugar respectively. The average life however is con- 
siderably reduced on this diet in comparison with sucrose or sugar. In 
the matter of reproductive capacity correlated with duration of life, honey 
diet is seen to be definitely superior to sucrose or sugar. 

Experiment VI 

With jaggery as food . — Jaggery was provided as food in the form of solu- 
tion in cotton wool for a set of 12 pairs. 

With this diet which contains a small proportion of protein, namely O'O 
per cent, the life-span is seen to be considerably reduced in comparison with 
sucrose, sugar or honey. But the egg-laying capacity is seen to have 
appreciably risen in both the average and the maximum. 

Experiment VII 

With molasses as food, — A series of 12 pairs was experimented on with 
a supply of crude molasses as food. This contains a higher proportion of 
proteins as also of impurities. 

Molasses with about 2 per cent proteins and 69-3 per cent of carbohyd- 
rates has shown interesting results. The life-span is considerably reduced 
together with a reduction in average fecundity as compared with any of the 
other foods. This is probably due to the large amount of impurities which 
renders it easily susceptible to fungus. It has however significantly brought 
out the influence of the protein constituent by an appreciable rise in maximum 
egg-laying capacity to as high a figure as 60. 

Experiment VIII 

With a supjply of raisin, — With a supply of entire raisin as food 12 
pairs of adults were experimented upon. 

An enormous increase in both fecundity and longevity has been noted. 
There was an average duration of life of 67 • 5 days with an average of 76*0 
eggs per female. The maximum number of eggs laid by a single female has 
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risen to a record figure of 164 with a maximum longevity of about 136 days. 
Raisin containing 2*3 per cent proteins, 3*0 per cent fat and 68-5 per cent 
carbohydrates seems to be so far an ideal diet for this species. The importance 
of this diet, especially nitrogenous part thereof, has been amply demonstrated 
by these experiments. 

OVIPOSITION SITES 

It is believed that Coleopterous insects require, in addition to a generous 
food supply, suitable oviposition sites for stimulating egg-laying to the maxi- 
mum capacity. Since Pempherea adults always make a number of feeding 
punctures before oviposition, the choice of oviposition sites may be influenced 
by the suitability of the tissue in the spot as food for the adult. To some ex- 
tent the suitability of a site may also be governed by the nature of food avail- 
able at the spot for the development of the grub that hatches out of the 
If known that the nutriment obtainable by a weevil may not only 
differ with different species of plants but also with the various parts of the same 
plant. Such differences in composition are stated to exist between the vege- 
tative, flowering and other parts of the same plant. In order to see if differen- 
ces in the choice of oviposition sites are due to variations in food value for the 
weevil adults, a series of trials with the various parts of cotton plant, such as 
roots, tender bolls, etc. was made. 

Experiment IX 

Oviposition and longevity with a supply of roots, — In this experiment, only 
roots were supplied in cages. Twelve pairs of adults were tried. 

Eggs were laid at the cut end of the root caps leaving scars similar to those 
caused on stems. The eggs were not thrust deep into the roots. The average 
number of eggs Laid w^as only 1 • 1 with an average duration of life per female 
of 7*5 days. A maximum of six eggs is noted for a single female. Nearly 
66 • 6 per cent of the females did not oviposit. 

Experiment X 

With a supply of flower buds, — Thirteen pairs were experimented with. 
The only parts supplied as food as also for oviposition medium w ere flower- 
buds. 

The eggs were deposited at the calyx region buried inside the petals. 
Punctures were noticed on the sepals. There was an average longevity of 8* 1 
days per female. The maximum number of eggs noted for a single female was 
only about nine. 42-6 per cent of the adults failed to oviposit. 

Experiment XI 

With a supply of tender bolls, — In this case only five pairs were under 
observation. Oviposition in these trials was very profuse as in one instance 
nine eggs and in another seven were noticed in a day. Egg-layings were 
confined to the calyx region where the bolls were soft and succulent. Nume- 
rous punctures were seen — sometimes as many as 40. Eggs were thrust 
into punctures m^ule in the calyx and buried in the boll flush with surface of 
the boll. These were in most cases unsealed and visible. There was an 
average of 6-76 eggs with an average life-span of 8*2 days. A maximum of 
12 eggs was seen deposited by a single female. Nearly 20 per cent of 
the adults fckiled to oviposit. 
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Disottssion 

Interesting data of considerable significance has been obtained from the 
series of experiments just described. The physical factors of temperature, 
humidity, light, etc., under which the several experiments were performed 
being more or less identical, the only variable factor involved in the 
experiments was the character and composition of the food supplied. On a 
comparison of the results obtaiued with the various foods, a wide range of 
variation is produced in regard to productivity and longevity by the nutrition 
afforded. It is evident from this that the weevils under favourable nutritional 
conditions are able to draw out in full their powers of reproduction. Table T 
presents Uie summarised results of all the experiments wUch are also express- 
ed diagrauunatically in Fig. 1. 



Average longevity in days I ' ■ 

Average egg capacity HHB 

Fig. 1. Results of nutritional trials 

Experiments without any supply of artificial food have shown an average 
of 4 • 01 eggs per female with an average life-span of 9 • 01 days. A mere supply 
of water produced an average of 4*3 eggs with a mean longevity of eight days. 
It is evident therefore that access to water has in no way increased the activities 
of the weevil. Tn the case of all the other experiments, a definite increase 
in both life-duration and egg-production is noticeable. It may therefore be 
inferred that both productivity and survival of the adult females are condition- 
ed upon taking some food other than the cotton stalk supplied and that all the 
eggs are not developed at the time of emergence and the reserve of fat body 
does not suffice for fiiU physiological functioning. 
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Leaving the experiment with raisin which is an extreme case, the other 
foods may be classed as predominantly carbohydrate in character. A com- 
parison of the data on average egg-laying capacity with each of the remaining 
foods shows that jaggery stands foremost with 31 • 1 eggs, sugar coming next 
being followed by honey solution, sucrose and molasses in the descending order. 
The results assume a different aspect when the data of maximum egg-produc- 
tion are taken into consideration. Molasses with its slight protein content 
shows a maximum of 60 eggs and comes to occupy the first place ; jaggery 
and honey solution, each with a trace of protein, rank next and seem to have 
almost equal effect with 47 each ; sugar and sucrose which are exclusively 
carbohydrate foods come next in the series with 41 and 36 respectively. 

On the other hand, the efioot of these foods on the survival of the insects 
has yielded a different set of data. On the basis of average longevity those 
fed on sugar stand first with 63 • 7 days ; sucrose closely follows with a mean 
of 62-0 days. ''Sucrose — cent per cent carbohydrate — reveals the longest 
duration of 91 days. Sugar and honey appear to be the next best. 
Jaggery and molasses stand far behind the others in this respect. The length 
of hfe with the latter foods is much more abbreviated probably owing to the 
more rapid rate of oviposition in them as compared with sucrose, sugar or 
honey (Table I) wherein greater longevity does not proportionately enhance 
the productivity but only quicker exhaustion of the ovaries resulting in a 
prolonged post-oviposition period. Among the variety of diets tested in this 
series of experiments, raisin stands supreme and unique in the matter of mean 
as well as maximum longevity and oviposition. A record figure of 164 eggs 
is obtained as maximum with the highest average of 76' 1 eggs and a 
longevity of 136 days or nearly 4| months as maximum with 67 • 6 days as the 
average. It may be clear that no other food experimented with approaches 
raisin either in bestowing duration of life or egg-laying capacity. 

It is evident from the results discussed that the explanation for such 
wide variation in productivity and life-duration is to be sought in the quantity 
and quality of the constituents of the diets. It is a generally accepted fact 
that the adult insects in general can sustain life on a carbohydrate diet 
but require proteins for the development of the genital products. Uvarov 
[1928] has summarized the literature on the subject and instanced several 
cases in support of the same. Mackerras [1933] experimenting on Lucilia 
has demonstrated the same. This is strongly supported by such phenomena 
in nature as the occurrence of voracious predators among females of several 
groups of insects and animals, by the habit of certain female hymenopterous 
parasites in feeding on the body-fluids of their hosts [Flanders, 1936]. The 
latter author has emphasised the great need of parasitic females for a protein 
diet since a carbohydrate diet is often available. It is generally recognised that 
no reproduction is possible without inclusion, at some time, of nitrogen in the 
diet. In the case of Pempherea the fecundity is not only increased by a nitro- 
genous food but also to a small extent by an exclusively carbohydrate diet. 
This is apparently in conflict with the results obtained by Norris [1934] in 
respect of Ephestia spp. She says that a diet of cane sugar increases the 
longevity of females of Ephestia but has no effect on its fecundity. Dean 
[1938] has arrived at the same conclusion in his studies on Rkagoletie pomonelia 
(Apple maggot adults). He has found an increased number of eggs by netting 
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a protein food to sugar, while with sugar solution the length of life is increased 
but only a few eggs are laid. 

The results obtained by the present writers are to a certain extent in con- 
formity with those recorded by Larson and Fischer [1925] in their experiments 
with Bruchus quadrimaculatus. They have demonstrated that sugar feeding 
increases not only longevity but also fecundity. In the present trials the 
data show that a sugar diet has certainly augmented productivity besides life- 
duration over that obtained with no artificial foc!&*or with mere water. To this 
extent the writers agree with the findings of Larson and Fischer. Some of the 
latest researches on the subject seem to lend partial support to this inference. 
Kozhantshikov [1938] has proved that sugar nutrition in the case of Agrotis 
sp. and Pyrausta nubilalis has great influence not only on longevity but also 
on fecundity and fat reserves. Researches on the moth Loxostege sticticalis 
by Larchenko [1937] have shown that reserve fat is formed in the larval stage 
which is passed on to the adult stage in fatty tissue and supplementary feeding 
in itself does not provoke egg-maturation ; the latter is only possible when the 
fat body is dissolved and used by adult feeding. On the other hand Dorman 
etal. [1938] have shown that requires proteins for growth of 

ovaries and carbohydrate for long life of the adult stage. The data recorded 
by the authors with a raisin diet are in full accord with this finding. 

The fundamental importance of a study of carbohydrate nutrition in 
general cannot be over-estimated since in nature large groups of insects .are 
entirely dependent upon an exclusively carbohydrate food, like nectar of 
flowers. Such investigations would be of great interest, particularly in the 
face of such a conflict of opinions. In the absence of any further evidence it 
may be safe to conclude that while the effect of proteins in stimulating egg- 
production is undoubted there is evidence to show that carbohydrates are not 
without any importance in this respect. In the matter of longevity it is clear 
that a sugar diet has great influence in prolonging life. 

From a study of the oviposition sites chosen by the weevil, some interest- 
ing though tentative conclusions can be drawn. Though Pempheres under 
pressure of circumstances may select any part of the food-plant for oviposition 
such as root, flower-bud, shoot or boll, oviposition is generally poor and life- 
span considerably reduced. It may therefore be inferred that though the 
weevil can utilise any part of plant as an egg-laying site, the necessary food and 
stimulus for development of eggs and continued life are not obtainable from 
these sites. These experiments also admit of the following inference. The 
cotton stem by itself is unable to supply either in quantity or quality some 
nutritional factor or factors necessary for normal egg-production which the 
weevil may perhaps be able to obtain from either other parts of the same 
plant or other species of plants. Further studies in the line are urgently need- 
ed for a fuller understanding of the problem. 

Summary and conclusion 

A series of experiments has been described to determine the effect of 
different kinds of food on the fecundity and longevity of Pempheres under 
nearly identical physical conditions. A convenient method of obtaining 
aootirate oviposition tecord is given. 
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Table I is presented recording the results obtained in respect of various 
foods namely sucrose, sugar, honey, raisin, etc. 

Mere supply of water does not seem to have any beneficial effedt on its 
life-duration or reproductive powers. An exclusive carbohydrate diet is 
noted to produce a remarkable increase in longevity as also to a limited extent 
in fecundity. Molasses with its slight protein content has shown an increase 
in maximum egg-laying capacity over all foods except raisin. Raisin whose 
composition includes a small proportion of proteins and fats besides carbohy- 
drates has yielded best results. It seems to constitute an ideal food among those 
tested in respect of all activities inclusive of fecundity and longevity. From 
an average of about four eggs without any artificial food as high an average 
as 76 • 1 eggs per female with a record number of 164 eggs as maximum per 
female has been obtained on a raisin diet. Results of a few experiments on 
oviposition responses in relation to oviposition sites such as roots, flower-buds, 
bolls, etc. are also presented. 
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Inteodxtotion 

J ASSIDS are well known all over the world for the severe losses which they 
cause to a variety of economic crops. A number of species infest cotton. 
Thus we have Empoaaca facialis Jac. in French Sudan [VuiUet 1925], Nigeria 
[Golding, 1928], Southern Rohdesia [Peat, 1928] and Uganda [Hargreaves, 
1934]. Empoasca flavescens Fabre infests cotton in Philippines [Otanes and 
Butae, 1935]. 

In India, Lefroy [1906] mentioned jassids as a serious pest of several new 
American and Egyptian cottons in Bihar. Burt [1916] noted ‘ Empoasca 
gossypii ' (probably Empaosca devastans Distant) on some American cottons 
at Cawnpore. Misra [1919] mentioned Empoasca notata Melich as a pest of 
cotton in North Bihar. Vuillet [1925] stated that Empoasca demstans Distant 
and Empoasca notata Melich were the most dangerous of the less-known pests 
of cotton in British India. Empoasca devastans is also a pest of cotton in 
Madras [Ayyar, 1935], Jenkins [1936] regards jassids as the most serious 
pest of cottons in Sind. 

Of the species that infest cotton in the Punjab, Empoasca devastans 
Distant is the most serious and the commonest. It may be mentioned at the 
outset that desi cottons are practically immune to the pest and it is only the 
American varieties that suffer. There are of course marked varietal differences 
in the latter group as well and susceptibility to jassid attack is usually the chief 
limiting factor to the general cultivation of otherwise very desirable types. 
Several new strains of American cottons recently evolved by the Cotton Re- 
search Botanist, namely 36F, 38P, 58F and a host of others, although very 
desirable from the agricultural point of view, are not being pushed into general 
cultivation on account of their susceptibility to jassids. Records also show that 
during 1913-14 the failure of 3F cotton, the first variety of American 
cotton introduced into this province, was due to the ravages of this 
pest. In fact it is true to say that no variety of American cotton will be a 
commercial success in the Punjab unless it is resistant to jassids. 

911 
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So far it has not been possible to control this pest by ohemioal and mechani- 
cal means [Sloan, 1938]. The pest also does not suffer to any great extent 
firom the attack of predacious and parasitic enemies. The only hope, therefore, 
lies in the discovery of a resistant variety of cotton. 

The pboblbm 

During 1937 and 1938 work was confined to the investigation of the 
following two aspects of the problem : 

1. The differences in susceptibility to jassid infestation among different 

important varieties of cotton. 

2. The causes of the inability of the insect to infest some varieties. 

ComparaHve jasaid population on different varieties of cotton at LyaUpwr 

Detailed records of the annual prevalence of jassids on different varieties 
of cotton in the Punjab before 1936 are rather scanty. The only published 
records in this connection are those of Lai [1937] who mentioned that the 
resistance of 43F (now called 289F/43) against jassids, though higher than that 
of some very susceptible varieties such as 38F, 45F and 289F, is not so high as 
that of 4F and that the resistance of Jubilee cotton though higher than that of 
the American varieties is about the lowest among the dem. 

Preliminary observations soon showed that an ideal census of jassids, 
taking into account all the stages, i.e. eggs, nymphs and adults was practically 
impossible. The eggs are laid in the leaf-veins and it is impossible to examine 
and count their number in field samples. The nymphs and adults could 
be recorded on leaves, but owing to vital differences in their habit, their relative 
numbers could not be determined by absolutely identical methods. 

A survey of literature showed that the commonest method of recording 
jassid population has been either to collect adults by sweeping and count 
them or coimt the living nymphs on a number of leaves. Sweeping method 
has been severely criticised by Delong [1932]. According to him, samples of 
insects collected by this method from various situations would vary with the 
prevailing conditions such as temperature, humidity, wind velocity, ptxsition 
of the operator in relation to the wind, position of the sun and size and con- 
dition of the crop. He came to the conclusion that, at best, this method 
could only give a very rough and an inaccurate estimate of the comparative 
insect population. 

Jassid population was determined in a field at the Cotton Research Bota- 
nist’s farm at Bisalewala (Lyallpur) where the following varieties had been 
sown in contiguous plots measuring 21 ft. x 171 ft. during 1937 and 1938 : — 
289F/43, LSS, 289P/K 26, 4P, lOOF and Jubilee cotton. 

The plots were sown on 14 May each year and received identical cultural 
treatments such as irrigation, hoeing, etc. Each variety was replicated seven 
times according to Fisher’s randomiz^ block system. During 1937, observa- 
tions were recorded in all the plots, but during 1938 only five replications of 
each variety were taken into consideration. The following methods were 
tried : 

SWBBPINO 

Sweeping was conducted with a hand-net 13 in. in diameter and having 
a terminal tubular muslin bag 27 in. long and with a wooden handle 27 
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in, in length. Sixteen forward and sixteen backward semi-circular sweeps, 
as far as possible, over the same distance were made on the cotton plants 
in the middle rows of each plot, thus making a total of 224 sweeps for each 
variely during 1937 and 160 during 1938. Full cognizance was taken of De- 
long’s criticism of this method and the following precautions were taken : 

(«) As far as weather conditions permitted, the sweepings were done 
in the morning hours only and the work finished in a reasonably 
shcnrt time. 

(u) The direction of the sweeps was always against the wind. 

(tu) Sweeping on adjacent plots, one after another, was avoided. 

(«v) The operator and the appliances were the same throughout. 

The total number of jassid adults collected in each day’s sweepings during 
1937 and 1938 are given in Tables 1 and II. 


Tablb I 


Jaaaid aduUa counted on different varieties of cotton by sweeping, 1937 


Number of jassid adults counted in 224 sweeps of hand- 
net 


Date of observs- 


tion (1937) 

LSS 

4F 

289F/43 

lOOF 

289F/K26 

June 8 




1 

2 

» 16 

, , 

i 

i 

i 1 

2 

» 22 

, , 

2 

3 


5 

29 

3 

4 

3 


6 

July 6 

6 

4 

4 


i 

.. 12 

26 

32 

33 


74 

19 

44 

60 

57 


101 

,, 26 

122 

135 

144 


276 

Aug. 2 

252 

276 

300 


560 

» 9 

438 

480 

564 


927 

» 16 

584 

742 

776 


1176 

„ 27 

778 

881 

946 


1663 

Sept. 4 

1087 

1260 

1186 


2281 

„ 10 

992 

1079 

1074 


1967 

» 17 

534 

670 

718 


1366 

„ 23 

345 

466 

530 


802 

Oct. 1 

201 

226 

309 

1 336 

606 

» 8 

142 

145 

200 

1 264 

460 

» 16 

61 

67 

79 


186 

» 22 

40 

57 

59 


156 

« 31 

23 

26 

34 


89 

Nov. 6 

12 

10 

31 

32 

59 

12 

6 

11 

15 

20 1 

1 

28 
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Table II 

Jaaaid ad^Ua counted on differemt varieHea of cotton by aweeping, 1988 


Number of jasaid adults counted in 160 sweeps of hand-net 


Date of observa- 


tion (1938) 

Jubilee 

cotton 

LSS 

1 4F 

289F/43 

lOOF 

^ 289F/K25 

June 7 




.. 

.. 

s s 

16 

. . 

. . 

• • 

. . 

1 

• • 

„ 29 


•• 

•• 

•• 

• • 

6 

July 1 

• . 

4 

• • 1 

• • 

3 

12 

« 6 

. . 

• • 

• • 

1 

2 

8 

» 13 

4 

3 

10 

8 

10 

24 

„ 21 

17 

22 

20 

28 

20 

1 78 

« 26 

12 

8 

13 

10 

19 

109 

Aug.. 3 

9 

16 

13 

24 

23 

149 

„ 10 

27 

30 

37 

38 

55 

186 

17 

32 

36 

34 

43 

58 

200 

.. 23 

24 

36 

28 

54 

41 

201 

30 

24 

38 

37 

57 

46 

206 

Sept. 5 

32 

49 

44 

61 

60 

235 

.. 13 

17 

29 

22 

26 

29 

1 222 

21 

4 

15 

14 

13 

14 

146 

« 28 

• • 

16 

11 

11 

13 

101 

Oct, 6 

6 

12 

9 

8 

9 

82 

,, 12 

2 

11 

4 

12 

9 

52 

.. 19 

2 

14 

7 

9 

16 

41 

.. 26 

• • , 

10 

2 

13 

9 

41 


COVNTINO OF UVINO NFHPHS ON THE LEAVES OF PLANTS IN THE FIELD 


Two plants of narmal size and growth were selected at random in each 
plot at each observation and the adults and nymphs carefully counted by 
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slowly turning over the leaves. Thus during 1937, 14 plants of each 
variety were examined and 10 in 1938. As most of the adults flew away, 
the number of nymphs only counted by this method during 1937 and 1938 are 
presented in Tables III and IV. 

Tabu III 

tfosrid nympha cmmted on different vcaieties of cotton, 1937 


Total jaasid nymphs counted 


Date of observa* 
tion (1937) 

No. of 
plants 
counted 

LSS 

4F 

289F/43 

lOOF 

289F/K25 

21 June 

14 

1 


1 

2 

5 

28 „ 

f» 

1 

3 

2 

2 

9 

6 July 

99 

2 

4 

i 

4 

1 

7 

10 

12 „ 

99 i 

19 


3 

21 

41 

19 „ 

99 

29 

46 

38 

48 

60 

26 „ 

99 

74 

74 

92 

104 

186 

3 Aug. 

99 

108 

151 

145 

230 

427 

10 „ 

99 

162 

222 

221 

266 

592 

17 » 

99 

194 

289 

339 

300 

873 

28 „ 

99 

190 

221 

239 

276 

622 

10 Sept. 

99 

156 

178 

223 ' 

253 

645 

17 ,. 

99 

102 


180 

209 

479 

23 „ 

99 

80 

106 

106 1 

170 

390 

1 Oct. 

99 

60 

83 

81 

103 

280 

8 „ 

99 

45 

43 

82 

120 

379 

14 „ 

99 

24 

36 

32 

33 

100 

22 „ 

99 

26 

27 

40 

49 

112 

81 „ 

99 

36 

39 

43 

60 

79 

6 Nov. 

99 

18 

21 

34 

38 

45 

12 „ 

99 

4 

9 

2 

12 

27 
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Table IV 

Jaesid wynypha eownied on different varieties of cotton, 1938 

Jassid nsrmphs oounted 


Date of observa- 
tion (1938) 

No. of 
plants 
counted 

Jubilee 

cotton 

i 

LSS 

4F 

289F/43 

1 

lOOF 

289F/K25 

7 

June 

20 







16 


20 

. . 

. • 

• . 

. • 

. • 

i 

22 

9* 

12 

• • 

• • 

1 

1 


5 

1 

July 

16 



1 

1 


2 

6 

9» 

20 

, , 

, , 

. • 

1 

2 

19 

13 


10 

2 

1 

3 

i 

3 

29 

21 


20 

1 

3 

2 

2 

4 

62 

26 

»» 

10 

2 

2 

• • 

2 

6 

102 

3 

Aug. 

10 


6 

3 

6 

5 

124 

10 

»» 

10 

4 

8 

3 

6 

11 

90 

17 

f* 

10 

4 

6 

12 

6 

14 

88 

23 

>* 

10 

4 

8 

14 

10 

17 

140 

30 

99 

10 

5 

12 

16 

9 

11 

156 

5 

Sept. 

10 

8 

13 

16 

17 

22 

162 

13 

f* 

10 

4 

7 

7 

17 

13 

108 

20 

99 

10 

1 

4 

4 

13 

6 

82 

28 

»> 

10 

1 

9 

6 

8 

8 

61 

6 

Oct. 

10 

1 

3 

1 

6 

11 

46 

12 

99 

10 

, , 

6 

4 

8 

4 

66 

19 

99 

10 

1 

2 

2 

1 

9 

38 

26 

99 

1 

10 


2 

2 

4 

6 

26 


CJOUNTINO OP ADULTS AND NYMPHS AFTER FUMIOATINQ THE PLANT 

Two normal plants were selected as before in each plot and smartly en- 
closed in a fumigating chamber. Before enclosing the plants white sheets of 
paper were spread underneath. The insect life was killed by pumping calcium 
cyanide gas from the top of the chamber. The dead insects were counted both 
on the leaves and on the white paper. Shaking the plants was specially avoided. 
The total number of nymphs and adults counted on plants of different varieties 
during 1937 and 1938 are presented in Tables V and VI* 


VI] 


COTTON JASStO 


Estimation of jassid population on different varieties of cotton at LyaUpur by 

fumigation, 1937 


Date of observa- 
tion (1937) 

No. of jassid adults and nymphs counted on 14 plants 

LSS 

4F 

289F/43 

lOOF 

289F/K25 

8 June 

.. 

2 



2 

16 „ 

. . 

2 

1 

2 

5 

23 „ 

4 

4 

4 

3 

12 

30 „ 

4 

5 

7 

7 

18 

6 July 

16 

10 

12 

13 

40 

13 „ 

27 

44 

44 

47 

92 

20 „ 

54 

57 

59 

77 

130 

27 „ 

138 

141 

137 

174 

276 

4 Aug. 

178 I 

199 

214 

319 

1 

605 

11 .. 

237 

278 

279 

334 

739 

18 „ 

1 280 

346 

i 381 

303 

1082 

28 „ 

319 

369 

383 

476 

1156 

4 Sept. 

419 

477 

511 

590 

1169 

11 .. 

283 

316 

421 

458 

945 

18 „ 

200 

261 

265 

365 

659 

24 „ 

125 

143 

191 

292 

429 

2 Oct. 

80 

117 

174 

171 

400 

» ,, 

91 

84 

87 

140 

329 

16 „ 

71 

72 

66 

105 

189 

23 „ 

63 

73 

86 

90 

170 

80 „ 

42 

56 

84 

87 

131 

6 Nov. 

13 

IS 

21 

46 

67 

18 » 

11 

12 

9 

13 

20 

i 
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Table VI 

Estimation of jassid population in different varieties of c<Xton at LyaUpur by 

fumigation, 1^8 


No. of jassid adults and nymphs counted on 10 plants 


Date of observa- 
tion (1938) 

Jubilee 

cotton 

LSS 

4F 

289F/43 

lOOF 

289F/K25 

16 July 

3 

6 

8 

6 

7 

46 

23 M 

4 

5 

5 

7 

6 

76 

28 

4 

3 

2 

5 

10 

109 

4 Aug. 

1 

14 

7 

10 

9 

133 

12 „ 

3 

13 

9 

8 

10 

103 

19 „ 

7 

9 

17 

12 

12 

130 

26 „ 

7 

23 

17 

14 

18 

174 

1 Sept. 

9 

i 

26 

23 

19 

21 

203 

7 

6 

21 

20 

20 

45 

207 

16 „ 

4 

9 

1 

11 

15 

16 

131 

24 

2 

3 

12 

9 

10 

95 

30 „ 

1 

3 

1 

3 

4 

76 

7 Oct. 

1 

2 

3 

4 

4 

56 

14 „ 

1 

5 

2 

8 

12 1 

46 

21 

! 

6 

7 

7 

11 

41 

28 „ 

• • 

5 

8 

> 4 

1 

8 

28 


A dct«aile^d otatiouiuai uAaininaDion of these tables has been made and very 
interesting conclusions have been arrived at. The comparison of different 
varieties, so far as resistance or susceptibility to this pest is concerned is, there- 
fore, not dealt with here, but will be found in the appendix. 

A comparison of the figures obtained in the two years shows that the, in- 
cidence of attack was much higher in 1937 than in 1938. While comparing 
the tables of any one method it has to be kept in view that although different 
units — ^for example number of sweeps or the number of plants — ^had been 
employed, yet even after accounting for this, the incidence would be see 
to be much higher in the former year. 
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The data also show that the maximum prevalence periods of jassids were 
fairly constant in time, in both the years ; the highest infestation was noticed 
from the end of August to the second week of September. 

The eflSciency of the various methods tried will be dealt with in the appen- 
dix. A few general observations are, however, given here. 

Sweeping was found to be very satisfactory for adults. Om work is not 
open to the objections raised by Delong [1932], as the various plots in which po- 
pulation was recorded were contiguous and all the opwations were conducted 
in an identical manner in a reasonably short time on the same day. The 
factors that affected one plot also affected all the others to practically the same 
extent. Sweepings of any one day were, therefore, quite comparable. 

Counting the insects in living condition on the plants was found to be good 
for nymphs but not for adults which invariably flew away. In this case it is 
essential that the operation should be conducted very calmly without shaking 
the plants too much as older nymphs also have a tendency to hop off, if dis- 
tiu^bed. This method, however, depends too much on human factor. 

Fumigation is a fairly reliable method both for adults as well as for nymphs. 
Lai [1938] r^ards this method satisfactory for adults but not for nymphs. 
Our method of working differed from his in that we counted the insects on 
the foliage and avoided too much shaking of plants. This was done because 
even after vigorous shaking quite a large number of insects remained sticking 
on to the plant parts. On the whole we found it more satisfactory to count 
the insects in situ rather than to try to collect them on the paper spread below 
the plant. Moreover, if shaking is resorted to, there is always a possibility of 
a number of smaller nymphs being blown off the paper where they cannot be 
distinguished from dust particles. We fully agree with Lai [1938] in the view 
that ‘ jassid attack is not uniform in the cotton fields’ and ‘ the accuracy 
of population estimation of this insect should depend on a large number of 
samples drawn from all parts of the fields ’. 

Development of jassids on different varieties of cotton 

Developmental studies were carried out on both desi and American varie- 
ties. Amongst the latter, both resistant and highly susceptible varieties 
were included. The aim in view was to find out the differences, if any, in the 
behaviour of the insect on different types of hosts. The following experi- 
ments were performed : 

To deUrmine the percentage of development o/Empoaca devastans nymphs to 
advU stage on different varieties of cotton 

Equal number of Ist instar nymphs collected from bhindi {Hibiscus 
esctdentus) plants were caged on the following varieties seven times during 
1937 and four times during 1938 : 

Jubilee cotton 
39 Mollisoni 
LSS 
4P 

289F/43 and 
38P 

Of these, the first two are desi varieties and most resistant while 38F is the 
most susceptible of all the American strains. The rest are fairly resistant. At 
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each observation three plants of the same age of each variely grondng in pots 
wore selected and covered separately with wire-gauze jassid-proof cages. Hie 
leaf-area offered for each variety was kept approximately the same. The 
nymphs were handled with a camel-hair brush and unless a nymph moved off 
after liberation it was not considered healthy and was rejected. The number 
of these devdoping into adults was determined daily. Table VII gives a 
summary of the results. 

Table VH 


Nymphal development on different varietiee of cotton 


Variety 

Total nymphs 
liberated 

Total adults 
emerged 

Percentage of 
success 

1937 

1938 

1937 

1938 

1937 

1938 

LSS 

900 

315 

691 

274 

76-7 

86*9 

4F 

900 

315 

719 

272 

79-8 

86*9 

289F/43 

900 

315 

723 

262 

80-0 

83*1 

38F 

900 

240 

732 

202 

81*3 

84*1 

289F/K26 


315 


272 


86*9 

39 Mollisoni 

900 

315 

700 

209 

77-3 

66*3 

Jubilee cotton | 

900 

315 

698 

254 

77-5 

80*6 


The above experiments showed that the nymphs of E. devastans can flou- 
rish equally well on all cottons, susceptible or resistant. This work conflrms 
some previous observations on the subject by Husain [1937] who experimented 
with Afferent varieties. Peat [1926-27], working on E, faciaiis, is also of the 
view that jassid nymphs if forced to remain on plants of Cambodia cotton, 
a highly resistant strain, can live and cause symptoms of attack on plants that 
are practically immune in the field. 

To determine the comparative number of eggs laid on desi and American varieties 
of cotton by equal number of Empoasca devastans females 

During 1937, equal number jassid females that had not oviposited before 
were confined on leaves of plants of all the varieties mentioned above. These 
plants were growing in pots and were sown on the same date. The insects 
were allowed to oviposit on one leaf for 24 hours, after which fresh leaves were 
provided. This was continued as long as even one jassid female survived. 
The total number of eggs laid by each set of females was determined by 
removing the leaves that had been oviposited upon each day and dissect- 
ing the leaJ veins carefully under a high power binocular. The results are 
summarised in Table Vlll. 
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Table VIH 


Number of egge laid on different varieties of cotton in 1937 


No. 

of 

jaasid 

females 

Period of experiment 

Eggs laid on different varieties 

LSS 

4F 

289F/43 

38F 

1 

39 

Mollisoni 

Jubilee 

cotton 

6 

9 to 20 July 

33 

26 

35 

45 

6 

8 

5 

13 to 26 July 

25 

34 

33 

1 

42 

11 

6 

6 

21 July to 6 Aug. 

32 

36 

39 

47 

5 

6 

6 

4 to 21Aug. 

44 

45 

53 

57 

9 

14 

5 

7 to 27 Sept. 

50 

54 

31 

54 

9 

12 

5 

1 to 23 Oot. 

32 

37 

27 

55 

8 

1 

10 

5 

9 Nov. to 1 1 Deo. 

16 

15 

17 

15 

1 

; 1 

i 

2 


The comparative number of eggs laid on different varieties of cotton were 
tested yet in another manner. Three plants of each variety sown on the same 
date in separate pots were selected. An attempt was made to select an equal 
quantity of leaf material for each variety. The plants were covered with 
jassid-proof wire-gauze cages and equal number of jassid males and females 
caught from bhindi {Hibiscus esoidentus) plants were liberated on each plant. 
The nymphs hatching out each day from each plant were counted. The re- 
sults are given in Table IX. 

Tablb IX 

Comparative number of jassid nymphs hatching on different varieties of cotton 

during 1937 


Duration of 
experiment 

Total 

females 

liberat- 

ed 

Jeissid nymphs hatched on different varieties 

LSS 

4F 

I 

289F/43 

! 

38F ! 

39 ; 

Mollisonij 

Jubilee 

cotton 

5 to 28 July 

60 

69 

96 

94 

101 

20 i 

23 

2 to 30 Aug. 

60 

92 

90 

91 

81 

17 

22 

5 Sept, to 2 Oot. 

60 

112 

131 

95 

134 

28 

31 

7 Oct. to 8 Nov. 

60 

61 

55 

69 

92 

15 

15 

13 Nov. to 20 Deo. 

1 

45 

35 

46 

47 

53 

10 

1 

9 
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In the above experiment it is possible that many of the females may have 
oviposited before, but the results could not be vitiated by this fact as this 
factor was the same for all the varieties. The object of the experiment was 
only to compare the relative ability of the females to oviposit on dest and 
American strains. It cannot be believed that the fact that fewer eggs were 
always laid on the former was due to the females having oviposited before. 
Evidently the factor responsible for this lay more in the plants rather than in 
the insect. 

During 1938, a suspicion arose that although the females may sometimes 
oviposit freely on the deai strains, yet some of the eggs may not hatch. To 
test this, the hatching percentage of eggs on different varieties of cotton and on 
Hibiscus escvlentus which is the most favoured host of this insect in the Punjab 
was determined in the following manner. 

Equal number of jassid females, as before, were liberated on leaves of 
different varieties of cotton and bhindi as in 1937 and the number of nymphs 
hatching out from these was determined. The unhatched eggs were counted 
by dissecting the leaf-veins after the nymphs had ceased to emerge. The egg 
shells shrivelled up and became transparent after hatching and could not be 
distinguished from the leaf-tissues but an unhatched egg could be made out for 
sometime owing to the presence of yolk in it. The results obtained are sum- 
marised in Table X. 

Table X 

Hatching percenUige of jassid eggs laid on different varieties of cotton and bhindi 

in 1938 


Host plant 

No. of 
females 
used 

i Total 

i oggs 

I laid 

1 

Total 

nymphs 

hatched 

out 

Hatching 

1 percentage 

1 

1 

1 

39 Mollisoni 

40 

33 

1 33 

100 

Jubilee cotton 

40 

i 

47 i 

100 

289F/K25 

40 

1 

290 

286 1 

I 

98»6 

38F 

40 

266 

263 

99*2 

4F 

25 

164 

160 

94*3 

289F/43 1 

30 

157 

153 

97*4 

LSS j 

36 

180 

174 

96*6 

Bhindi | 

1 

40 

603 

495 

98*4 


The following conclusions can be drawn from the experiments described 
aboVe : 

(1) There is a marked reduction in themumber of eggs Itiid by the jassid 
females on desi cottons. 



VtJ C5 o¥TOW JASStb 92S 

(2) Jassid eggs even when laid in the leaf-veins of immune varieties 

{desi) have no difficulty in hatching. 

(3) That the number of eggs laid by jassid females vary with the host- 

plant. The oviposition is more free on bhindi than on cotton 
plants. This may partly explain the reason for the very severe 
jassid infestation on this plant throughout the season. 

Our results confirm previous observations on the subject [Husain, 1937 ; 
Lai, 1937]. Sloan [1938] is also of the view that ‘ resistance is partly due 
to the unsuitability of the plant for jassid breeding and partly to its ability to 
tolerate the pest ’. 

It is now abundantly clear that causes of resistance or susceptibility of 
varieties of cotton to this pest must be sought in the leaf-veins [Lai, 1937]. 
Further work is now being directed to the solution of this problem. 

Summary 

Jassids are a very serious pest of American cottons in the Punjab. Desi 
cottons are, however, practically immune to it. The species of jassids most 
prevalent is Empoasca devastana Distant. 

The first problem tackled was to devise a reliable and quick method for 
estimating the comparative infestation on different varieties. It has been 
shown that sweeping with hand-net answers this purpose quite well. 

Varietal differences were observed in the case of American cottons. Of 
the commercially important varieties, LSS was found to be most resistant 
and 289F/K25 most susceptible. Other varieties, namely 4F and 289F/43, 
came in between these two extremes in the order mentioned here. 

It has been shown that the chief difference between the comparatively 
resistant or susceptible varieties lay in the number of eggs laid in the leaf- 
veins of these strains. The eggs when once laid had, however, no difficulty 
in hatching and the nymphs of all stages also could feed and reach normal 
maturity on all cottons equally well. 
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APPENDIX 

An accurate method of insect census is one of the most desirable and at the 
same time a very difficult matter in economic entomology. During the course 
of the present work emphasis was laid on this aspect of the problem and the 
three methods mentioned in the text were employed on a large number of 
varieties for two seasons. The data are presented in Tables I — VI in the text. 
A detailed statistical examination of these data has been made. 

Since the infestation of jassids on different varieties showed a high corre- 
lation the significance of the mean difference between any two was found by the 
help of equation (i) where the standard error of the mean difference was 
calculated by equation (ii). 


(i) t-. 


■-*) 


•8E 

{V 


lii) SE, . — 2r . SE^ . SE- 

-y ) x~r y xy X y 

where and y represent the mean infestation on any two varieties and 
is the coefficient of correlation between the two [Treloar, 1935]. 

The average seasonal infestation on different varieties is given in Table 
XI. 


Table XI 


Average seasonal infestation of jassids on different varieties 


Variettes 

1037 

1088 

Sweeping 

Counting 

Fumigation 

Sweeping 

Counting 

Fumigation 

Jubilee eotton 


... 

*'* 

lO OOd: 2*60 

1*00 ±0*50 

8*81±0*60 

LSS 

247-6±69-6 

6e05±14-29 

126*43±25*74 

17*45± 8*28 

4-60± 0-80 

0*44d: 1*04 

4F 

268'4db80-0 

86-66dbl9*46 

146*78±80*00 

15*25d: 8*14 

4*86± 1*10 

0*81± 1*70 

2S0F/48 

807'7db80'2 

95*85^21*90 

162*62^88*10 

20*80d; 4*44 

5*75db 1*18 

0*44d: 1*81 

lOOF 

841*0A87«5 

U5*15d: 28*48 

195*71±87*60 

21*86± 4*40 

7*56d; 1*88 

12*68±2*45 

289F/K25 

667-1±144-0 

268*05 d; 59*29 

412 *29^85 *04 

104*90d:18*27 

60*85^:11*85 

103*88i:14*14 
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It will be seen from this table that the varieties Jubilee cotton, LSS, 
4F, 289F/43, lOOF and 289F/K 26 were placed in an ascending order, Jubilee 
cotton (a Jest strain) being the least susceptible. Amongst the American 
strains LSS was found to 1^ very resistant and 289F/K25 highly susceptible. 

In order to find out whether the differences between the cfiSerent varieties 
were significant or not, the values of ‘ f ’ were calculated and are given in Table 
XII. 


Tablb XII 
Valuer of ‘ t * 


Varieties compared 

1937 

1988 

Sweeping 

Ckfunting 

Fumigation 

Sweeping 

Counting 

Fumlgatkm 

Jubilee cotton vs. LSS 


... 

• •• 

6«04** 

4-48*» 

4*06^* 

Jubilee cotton vs. 4F . 

... 

... 

... 

4-84^* 

8*60** 

4*88** 

Jubilee cotton vs^ 280F/43 

... 

... 

• •• 

4-49»* 

4*14*^ 

6*81^^ 

Jubilee cotton vs. lOOF 

... 

... 

... 

6*69** 

6‘14** 

4*83** 

Jubilee cotton vs. 289F/E26 

... 

... 

... 

5*86»* 

6-lB** 

7.37## 

LSS 

vs. 4F . 

3‘40** 

3*88** 

8-99** 

216* 

0*53 

0*07 

LBS 

VS. 289F/43 . 

2 06 

8*49** 

8*94** 

%•!!• 

1*69 

0*00 

LSS 

vs. lOOF 

4-41** 

4*91*^ 

4'91^* 

2-49* 

8*72« 

1*42 

LSS 

vs. 289F/K25 

4.11## 

4-42*^ 

4-76*^ 

6-70** 

6*11^» 

7.47#e 

4F 

vs. 280F/43 . 

2-68* 

2 02 

2-74» 

8-07^* 

0*05 

0*16 

4F 

VS. lOOF 

4-78** 

4*46*» 

4-28»* 

4*28*^ 

3*88*» 

1*93 

4F 

VS.289F/K26 

4-18** 

4-86** 

4-76»^ 

5-79»* 

617*^ 

7*84*® 

289F/48 

vs. lOOF 

8*80** 

8-89** 

3-61*» 

0-64 

1*92 

1*87 

289F/43 

vs. 289F/K25 

8-80** 

4-63** 

4*72*^ 

5*78** 

6 04** 

6-09** 

lOOF 

vs. 280F/K:26 

8-78** 

4-16** 

4-28** 

5-78** 

6*98^» 

7*80^* 


^denotes Blgniflcance up to 6 percent level, 
^^denotes slgnilloanoe up to 1 per cent level. 


Some of the interesting features which are brought forth from Table XII 
are given below. 

Comparison of different varieties 

It will first be recalled that the degree of infestation during 1937 was much 
higher than in 1938. No suitable explanation exists for this phenomenon, 
except possibly the dryness of the atmosphere during the latter year. Our 
knowledge of the bionomics of this pest is very meagre and, therefore, th e 
causes of the differences in the infestation in different years is at present a 
matter of conjecture. It is, however, hoped that the work now in progress 
will throw some light on this phenomenon. 

It will be seen from Table XII that Jubilee cotton (a new type of desi 
cotton with lint approximating to American 4F) is the least susceptible typ 0 
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of tiU cottons. LSS appears to be the most resistant American variety with 
4F next in order. The difference in the susceptibility of 4F and 289P/42 
is doubtful while the latter variety appears to be somewhat better than lOdF 
and 289F/K26. In its own place lOOF is better than 289F/K26 which is 
definitely the most susceptible variety under the soil and climatic conditions 
obtaining at Lyallpur. 

Comparison of the ihree methods 

It is quite clear from Table XII that the level of significance of practically 
all the varieties is the same by the three methods. There are of course sb'ght 
discrepancies here and there, but these are not such as to cast grave doubts 
on the similarity of the three methods. This finding is very interesting as now 
we can employ any one of these methods instead of all the three, and thus save 
great deal of time and labour. As the counting of living nymphs and fumiga- 
tion are very time-consuming operations these can be discarded in favour 
of sweeping. By this method alone the comparative infestation of the different 
varieties can be accurately determined. 

It can also be seeuthatinyearsofhighinfestation, like 1937, the differ- 
ences between the varieties are brought out much more clearly than in years 
of low infestation. This is of course to be expected as the experimental error 
will proportionately be higher when the number of insects dealt with is small. 
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I. Intboduotion 

O F the physical environmental factors, temperature and moisture have 
decidedly the most potent influence on the life-activities of all insects, and 
for denizens of arid regions, such as the desert locust, moisture is undoubt- 
edly of fundamental importance. 

Schistocerca gregaria normally gets its supply of water through food, but 
when this supply is insufficient and loss of moisture from its body is excessive, 
the locust will gnaw up any wet substance, even moist wool, though of little 
nutritive value and thus appease its craving for water [Husain and Mathur, 
1936]. According to Buxton [1924], during periods of drought, desert insects 
obtain the necessary amount of moisture by feeding on ‘ apparently dry ’ 
fragments of plants, as the latter contain a fair amount of moisture absorbed 
from the saturated, or almost saturated, atmosphere of the cool desert nights. 
Swarms of locust, after long marches, have been observed to drink water as 
such [Nikolsky, 1925]. 

The mass multiplication of locusts, and th? consequent development of 
the so-oalled ‘gregarious’ phase, is certainly cmnected with precipitation. 
Myriads of hopper bands cannot come into existence in the absence of an 
abundance of vegetation. Precipitation brings about the conditions of soil- 
moisture and atmospheric humidity necessary for the luxuriant growth of 
desert vegetation, which must always precede the mass multiplication of 
Schistocerca gregaria [Husain, 1929] in their permanent home. Ballard and 
his co-workers [1932] observed this during the last desert locust invasion. 
They state, ‘ In most years there is insufficient moisture and food in Sinai 
(Egypt), to support large swarms of hoppers. The peculiar feature of the 
present year (1929-30) was the very abundant winter and spring rainfall all 
over Sinai ’. 

* For previous parts see Ind. J. Agrie. 8ci., 1933, 1936 and 1937. 
fThis investigation was oonduotai at the Locust Research Laboratoiy, Punjab 
Agrujqltural College, Lyallpur, 
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F om his locust survey work in the permanent breeding grounds of Seki" 
atoeerca gregaria in North India, Bao [1929] came to the conclusion that the 
essential conditions or the breeding and multiplication of locusts and the 
origination of new locust cycles appeared to be widespread and heavy rain in 
Iran and Baluchistan in winter foUowed by heavy and well-distributed rain- 
fall during the monsoon period in the deserts of Sind and Bajputana. 

From Bodenheimer’s observations [1929] on the life-duration of the starv- 
ing individuals of Schiatoeerca gregaria at several relative humidities, Uvarov 
[1931] arrived at the conclusion that higher humidities were favourable for 
the hopper stages. Hamilton [1936] showed in three species of locusts {Locuata 
migratoria migratorioidea, Schiatoeerca gregaria and Nomadaeria aeptemfdaoiata) 
that atmospheric humidity controlled almost all the life processes. He found 
that the rate of development of hoppers decreased when atmospheric humidity 
^ell below the optimum, that the adults did not attain sexual maturity when 
Atmospheric humidity was low and that unfavourable humidity adversely 
affected the fecundity of females. Further, it has been observed that the 
eggs of Schiatoeerca gregaria are not laid in dry soil and do not develop in a 
partially saturated atmosphere [Bodenheimer, 1929]. Thus, it would appear 
that practically every stage in the life-cycle of a locust is greatly influenced 
by moisture. 

For experiments of the nature described in this paper abundant and easily 
available locust material is essential and such material can be procured only 
during a locust invasion. Although we are conscious of the incompleteness 
of the data presented, the possibilities of an approaching cycle of locust acti- 
vities providing facilities for future work have prompted us to present the 
results obtained so far. 

The investigation which forms the subject-matter of this paper was carried 
out imder the Locust Besearch Scheme, financed by the Imperial Council of 
Agricultural Besearch, India. The Council’s generosity is gratefully acknow- 
ledged. 

II. Method employed ahd diftiodxtibs of pboobdubb 

Investigations concerning the influence of environmental moisture on the 
active stages of such insects, as feed on green leaves, are fraught with several 
serious handicaps. The presence in a small cage of green leaves which cons- 
tantly transpire and of hoppers and adults, which give out from their bodies, 
along with expired air and faecal matter, a considerable amount of water, are 
factors which disturb the relative humidity persistently. This can be avoided 
to a certain extent by maintaining a current of air of the required relative 
humidity, but in oases where air currents of low humidity are used, the leaves 
dry up so quickly that without frequent replacements the insects are likely 
to remain underfed and the results vitiated. It will thus be observed that 
a constant disturbance of relative humidity and an underfeeding resulting 
from a quick drying up of food material under conditions of low humidity 
are two sources of error which develop in inverse proportion : adjust the one 
and the other develops. 

In trying to maintain low humidity within reasonable range, Hamilton 
[1936] supplied food to his experimental locusts only once a day. In several 
cases, he even ‘partially ’ dried the leaves before presenting them to his insects. 
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He does not make any mention of the quantity of food eaten. As has been 
stated above, under such conditions the danger of underfeeding is evident. 
In Hamilton’s experiments the death rate was very high. It must not be 
forgotten that the moisture content of the body of an insect is not solely 
dependent on atmospheric humidity, and that the physiological changes 
resulting from a deficiency of food and particularly of its water-content 
are liable to be confused with those arising directly from the effect of the 
dryness of the surrounding air. 

Even in the case of eggs, there is considerable difficulty. On the one 
hand the eggs of the desert locust require an almost saturated atmosphere 
and a relatively high temperature for their development ; on the other hand, 
they are extremely susceptible to fungus and nematode attacks. High tem- 
perature and high humidity are exactly the conditions which are favourable 
for a vigorous growth of fungi and a quick multiplication of nematodes, and 
therefore it is often an extremely difficult matter to ensure successful hatching. 

Water, soil and apparatus used in such experiments can be sterilised, 
but it is not as easy to deal with the eggs in a satisfactory manner. They 
are very delicate and fungicides are positively harmful to them. All tliat 
one can attempt to do is to wash the eggs thoroughly in sterilised distilled 
water. This method is however, not always an effective one ; even a few 
stray spores present may develop quickly under conditions of warmth and 
humidity and destroy the eggs. On account of these handicaps we have had 
numerous failures and a very large number of experiments had to be con- 
ducted to obtain the data presented in this paper. 

III. Influence op atmospheric humidity on sexual maturation and 

LONGEVITY OF ADULTS 

Sexual maturation 

Temperature has a well-defined influence on the maturation of the sex- 
glands. For example, the pre-oviposition period of Schistocerca gregaria adults 
exposed to 36°C. is about three weeks and at 40°C. this period is reduced to 
about two weeks [Husain and Ahmad, 1936]. The relative humidity of the 
atmosphere has also been regarded as a factor influencing sexual maturation. 
Roubaud [1930] observed that Schistocerca gregaria adults kept in a moist 
atmosphere reached sexual maturity after three to four weeks only. On the 
other hand, sexual maturity was completely inhibited in adults placed in a dry 
atmosphere. At 36-40 per cent relative humidity and at temperature of 
30®-40°C. the adults in his experiments lived for over ten months without 
ovipositing. He states : — 

‘ J ’indiquerai tout d’abord qu’en captivite, les criquots maintenus en air humide 
(au moms a’ 60 pour 1 00 d’ otat hygrometriqiio) et a la chaleur peuvent parvenir rapide- 

ment ot saua arret a la reproduction D* autre part, si 1 *on soiimet 

d^ criquets parvenus a V otato adulte, mais encore sexuellement immatures, a des con- 
ditions de secheresse continue, plus ou moins comparable a cellovS des regions dcvsertiques, 

on les voit supporter parfaitement bien ces influence Los criquots 

maintenus on permanence a une haute temperature continue (30®C. — 40®C.) mais avec 
un etat hygrometrique artificiellement abaisse a 36-40 pour 100, passent a ime condition 
de latence tree oaracteristique ; leur pigmentation n’evolus pas. Tactivite ahmontair, 
d’ abord tres grande, se relentit lentement, tandis que 1’ evolution sexuelle se montre 
completement suspendue dans les deux sexes ; les insectes peuvent ainsi etre conserves 
pendant des mois en anhydrobiose sans parvenir a la maturite sexuelle. * 
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He thus concludes that sexual development is arrested by low atmos- 
pheric humidity. Unfortunately he does not mention anything about the 
food of the insects under experiments. Did he provide green leaves ? If 
so, were not the locusts able to get the required amount of moisture from their 
food ? In an atmosphere, where relative humidity is low, it is almost certain 
that the green leaves supplied as food would dry up very quickly. It seems, 
therefore, highly probable that in such experiments drying up of the food and 
the consequent underfeeding, resulting in deficiency of water in the tissues 
of the insect, are significant factors in inhibiting sexual maturation ; dryness 
of the air may perhaps be an indirect factor. Further it must be recognised 
that sexual maturity and oviposition are two distinct and independently 
controlled processes. 

The latest contribution on the relation of atmospheric humidity to sexual 
maturity among locusts is that of Hamilton [1936]. He experimented with 
three species of locusts and arrived at the conclusion that in all these species, 
sexual maturity was retarded in the adults living in an atmosphere which con- 
tained either very low or very high relative humidity. Thus he found that 
for Schiatocerca gregaria the lowest relative humidity at which sexual matu- 
ration occurred was 40 per cent at 90^F. and 45 per cent at 100°F. and that 
the optimum range of humidity was 40-75 per cent. Humidity of 80 per cent 
was considered by him to be the upper limit for sexual maturity. As has been 
shown above, it is doubtful if Hamilton was able to keep his insects properly 
fed and retardation in sexual development may have been the result of under- 
feeding. In the following account it is shown that when an adult desert 
locust is properly fed and gets the optimum amount of water through its 
food, the atmospheric humidity has no noticeable effect on the maturation 
process. All that matters is the presence of the requisite amount of moisture 
in the body, no matter how it is obtained and retained. 

In one of our experiments, two pairs of fliers, obtained from hoppers 
bred under similar environmental conditions, were kept from the date of 
acquiring wings (20-21 March 1934) at 30°C. in 85 and 35 per cent relative 
humidity respectively. Fresh cabbage leaves were supplied four times daily. 
The female at 85 per cent relative humidity dropped the first batch of eggs on 
6th April, i.e. after 17 days : the female at 35 per cent relative humidity ovi- 
posited on 15th April, i.e. after 26 days. Thus sexual maturation was not 
inhibited but only delayed slightly by low atmospheric humidity. 

In another experiment two lots of freshly hatched hoppers were bred 
crowded at 35°C. in 85 and 35 per cent relative humidities. On acquiring 
wings they were provided with moist sandy soil for oviposition, which was, 
however, covered over with thin parchment paper, and a layer of dry soil half 
an inch in thickness. Thus the moisture in the soil below could not disturb the 
relative humidity of the air above. The locusts were fed four times every 
day, as in the previous experiment. In 85 per cent relative humidity, a pair 
which had acquired wings on 9th September 1935, copulated and the female 
laid eggs on 24th September. Another pair, which was bred in 35 per cent 
relative humidity and which had acquired wings on 11th September copulated 
on 26th September. The female bored twice for oviposition on the same date. 
Finding the soil unsuitable for oviposition the eggs were withheld for six 
days and then dropped on the surface of the soil on 1st October. Thus, the 
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preoviposition period was 15 days in the former case, and 14 days in the latter 
case, i.e., the adults in low and high humidities attained sexual maturity 
simultaneously. 

It would appear from these experiments that in low atmospheric humidity 
sexual maturation of the desert locust is not significantly slackened and cer- 
tainly not inhibited. We, therefore, believe that if the adults are provided 
with an ample supply of fresh food, e.g. if fed on green succulent leaves (pre- 
ferably on a plant), the desert locust can attain sexual maturity however 
deficient in moisture the atmosphere may be. 

Longevity of adults 

To study the influence of saturated and moisture-deficient atmosphere 
on the longevity of freshly emerged adults the following experiment was 
conducted : 

Two similar wire-gauze cages with moist soil at the bottom, were set up 
side by side. Along the four sides of one of the cages were hung curtains of 
cotton lint which were soaked with water and the lower free margins of which 
were kept immersed in a channel full of water. Thus the four sides of the 
cage were maintained moist. The water lost through evaporation from the 
surface of the cotton lint was replenished from the water provided in the 
channel. The top of the cage was left uncovered. In this manner the humi- 
dity in this cage was maintained at almost the saturation point. The other 
cage was left at room humidity which averaged 40 per cent. The longevity 
of the adults kept in these two cages is shown in Table I. All the adults 
were of the same age and were bred together before their transfer to their 
new environment. 


Table I 

Longevity of Schistocerca gregaria adults in saturated and 'partially saturated 
atmospheres (Umperature range : 26*6 to 


Serial 

No. 

Date of 
transfer to 
cage 

Saturated atmosphere (rela- 
tive hum id it}" — 100 per cent) 

Partially saturated atmos- 
phere (average relative humidity 
40 per cent) 

Date of 
death 

Longevity 

(dasrs) 

Date of 
death 

Longevity 
' (days) 

1 ' 

15 July 

17 July 

2 

30 July 

15 

2 

>> 

20 „ 

5 

2 August 

18 

3 

M I 

21 „ 

0 

28 „ 

44 

4 

** i 

22 ,, 

7 

12 Sept. 

59 

5 


22 „ j 

7 

12 „ 

59 

6 


30 „ : 

15 

23 

70 

7 

17 July 

30 „ 

13 

. . 

1 

8 

20 July 

5 August 

16 

• • 
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It will be seen that the adult that lived longest in saturated atmosphere 
survived for 16 days only. Many of them lived fora much shorter period. 
On the other hand, in the cage kept at room humidity (average 40 per cent) 
the longevity reached a maximum of 70 days. Thus in an atmosphere 
containing moisture to saturation point the life-span of Schistocerca gregaria 
is cut short and the mortality percentage increases. It may be mentioned 
in this connection that the desert locust is extremely susceptible to bacterial 
and fungal diseases, and possibly this is one of the chief factors responsible 
for the short life of the locust in a saturated atmosphere. Roubaud [1933] 
also observed high mortality in humid atmosphere and very few deaths and 
longer life in dry atmosphere. 

Hamilton [1936] found a gradual decrease in the length of life of Scki- 
atocerca gregaria with a rise in humidity. Eighty per cent humidity and above 
were found to be detrimental to the desert locust. These observations lead 
one to the conclusion that a comparatively less humid atmosphere suits the 
desert locust better, provided it is able to get the requisite water supply from 
its food. This is exactly the condition in the natural home of the desert 
locust. This view finds further support from the fact that the gregarious- 
phase locust flies far and wide into fertile areas but cannot survive and multi- 
ply for more than a generation or two in areas where humidity is higher than 
in its desert home. Thus while the fliers may reach the extreme eastern limits 
of India, their permanent home does not extend to the east and north beyond 
the Rajputana desert. 


IV. Soil moisture and ovtposition 

Under natural conditions swarms of the adult locust oviposit in a great 
variety of soils, the one necessary condition being suitable soil moisture. In 
soils where moisture is deeper than usual eggs are laid at a comparatively great- 
er depth than in soils where moisture is nearer the surface. 

In a particular instance at Tala-gang (Attock district, Punjab) it was 
noticed that a swarm of the desert locust which was ready to lay eggs, settled 
on the sloping sandy bank of a stream of water. The soil moisture of the bank 
varied from saturation point, near the water edge of the stream, to almost dry 
sand at the top of the bank. The locust swarm restricted its egg-laying acti- 
vity to a longitudinal strip of land a few feet broad and running parallel to 
the stream. For oviposition the soil next to the stream which was full of water, 
as well as the dry or almost dry soil farthest from the running water was 
avoided. In this connection, Gough [1916] states, ‘ The females appear to be 
very careful in the selection of the best site in the neighbourhood for deposit- 
ing their eggs ; and yet the choice varies immensely in different places. Ab- 
solutely dry sand and wet mud are never used if more suitable positions are 
available. Banks of canals and drains or irrigation channels in the fields 
are often selected. In such places the eggs are in a definite zone, not too 
close to the water (at the time of laying) nor too high above it, as to cause the 
place to be too dry 

Our experience in the laboratory confirms these observations. FuUy 
mature females placed in cages provided with dry sandy soil bored at several 
places but did not oviposit. They withheld their eggs as long as was physically 
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possible for them to do so and finally dropped the eggs on the surface of the 
soil. Where soil was watered at this stage the eggs were readily laid in the 
soil in the normal manner. 

Definite experiments were conducted to analyse this behaviour. An 
oviposition cage was fitted with glass tubes (3 cm. bore and 15 cm. long) which 
were filled with dry and moist sand up to different depths and in different orders. 
In order to prevent moisture of the wet soil running into the dry soil, the two 
layers were separated by thin water-proof paper. Mature females were 

introduced in these cages. The results are presented in Table II. 

1 

Table II 


InfltiencA of aoil-moiature on oviposition 


Upper layer of soil 

Lower layer of soil 

Total depth of 
bore in 


Nature 

Depth 

(cm.) 

Naure 

Deptli 

(cm.) 

which eggs 
were laid 
(cm.) 

Remarks 

Moist 

7*6 

Dry 

7*5 

8*0 

Kggs laid 

*9 

8*0 

99 

70 

8*0 

99 99 

99 

6-6 

99 

8*5 

0*5 

99 99 

99 

5-5 

99 

9*5 

■■ 

No eggs laid ; bored 
into dry soil 

99 

5*0 

99 

10 0 


»• 99 

99 

40 

99 

110 



99 

3-6 

99 

11*5 


91 

99 

20 

99 

130 


99 99 

Dry 

9*5 

Moist 

1 

5*5 

8-0 

Eggs laid 

99 

9-0 

99 

G-0 

9*5 

9 9 99 

99 

8*0 

99 

7*0 

9-8 

99 99 

99 

8*0 

99 

7*0 

8-6 

99 99 

99 

40 

99 

11-0 

7-5 

99 99 

99 

3*0 

99 

12*0 

70 

99 99 

99 

2-0 

99 

130 

6*8 

1 

1 

1 

99 99 
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It w*ll be noticed that when the layer of moist soil which is always sought 
for oviposition, lay below the dry soil the females bored through the dry layer, 
if it was not too deep, pierced the paper and getting into the moist soil ovi- 
posited there. On the other hand, when the top layer was moist, the female, 
in order to avoid the diy soil below, laid eggs at a much shorter depth than 
normal. When the top layer of moist soil was much too thin the eggs were 
not laid there, it being physically impossible for the locust to lay eggs at a 
depth shorter than a certain minimum. Normally the abdomen is thrust 
into soil up to the III segment or so before the eggs are deposited. When the 
top layer is of dry soil and is too deep for the abdomen of the female to bore 
through, she desists from oviposition. 

It has been commonly observed that swarms of locust do not settle and 
lay eggs in a field if it is flooded with water. What is it that prevents the locust 
from doing so ? In an experiment ripe females were kept in a cage in which 
water was kept standing. They did not lay eggs as long as the water was 
there, but when the surface water was drained oS the eggs were laid in the other- 
wise waterlogged soil. In another experiment females were made to oviposit 
in water. A breeding cage was fitted with test-tubes, each of which was 
filled with water except for the upper two inches which contained soil sup- 
ported by waterproof paper partition which was fixed to the tube by means 
of wax. The female bored through the two inches of sand and pushed her 
abdomen into the water and dropped eggs and deposited froth. This shows 
that a female is not incapable of laying eggs in water but in a flooded field 
she cannot do so because perhaps the conditions there do not allow her to get 
the requisite anchorage to bore a hole. It must be made clear that in these 
experiments the locusts were made to lay eggs in somewhat unfavourable 
situations. 

While making observations on the above-mentioned female as she laid 
eggs in water, it was interesting to note her rather extraordinary behaviour. 
Normally, as a female oviposits she contracts her abdomen a little to allow 
the egg to be deposited. The female which was ovipositing in water had no 
such necessity. Each egg that was deposited dropped down at the bottom. 
Thus the female continued to lay the cluster without contracting her expanded 
abdomen. Finally, the female started withdrawing her abdomen and deposit- 
ing frothy matter. 

V. Influence of relative humidity of air and soil-moisturb on in- 
cubation 

Influence of relative humidity of air 

Freshly laid eggs were removed and placed on cotton lint in glass tubes 
kept at constant relative humidities of fiO, 80, 90, and 100 per cent and cons- 
tant temperatures of 25, 33, 35 and In a second series, batches of eggs 

which had completed about one-third development were placed in 80, 90 and 
100 per cent relative humidities at room temperature (28°-30°C.). Results 
are set out in Table 111. 

It will be seen that at 90 per cent relative humidity and below, fresh 
eggs could not complete their development. With cent per cent relative 
humidity the incubation period was 11 days at 37°C., 11 to 12 days at 36°C., 
12 days at 33^0., and a httle less than 32 days at The eggs which had 
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Table III 

Jnevbtttion period at different temperatures and relative humidities 




I 

Date of hatching 



Relative 

Date of 



Incuba* 

Temp. 

(■’C.) 

humidity 
(per cent) 

oviposi- 

tion 

(1931) 1 

Tube 
No. 1 

Tube 
No. 2 

tion 

period 

(days) 


A. Freshly laid eggs 


37 

100 

21 Aug. 

1 Sept. 

1 Sept. 

11 

9t 

90 

do. 

•• 


. . 

♦ » 

80 

do. 

•• 


. . 

»» 

60 

do. 

. . 


, , 

36 

100 

do. 

2 Sept. 

1 Sept. 

12 

»» 

90 

do. 



. . 


80 

do. 

• • 

. . 

. . 

»» 

60 

do. 



. . 

33 

100 

do. 

j 2 Sept. 

2 Sept. 

12 

>> 

90 

do. 


. . 

. . 


80 

do. 

i 

. . 

, , 

>9 

60 

do. 

i 

. . 

. , 

25 

100 

do- 

1 22 Sept. 

22 Sept. 

about 32 

»» 

90 

do. 

1 



9 9 

! 80 1 

do. 

j 

i 




B. Eggs which had completed IjS of their development 


28-37 

100 

do. 

4 Sept. 


15 

99 

90 

20 Aug. 

4 Sept. 

. . 

15 

99 

80 

do. 

6 Sept. 

1 

1 

17 


Bemarks 


Shrivelled 

do. 

do. 


Shrivelled 

do. 

do. 


Shrivelled 

do. 

do. 

On 22 Sept, 
found hatched 
and dead : 
one living 
Shrivelled 

do. 


3 out of 
5 hatched 
1 out of 
5 hffiktched 
do. 


936 


THE INDIAN JOURNAL OF AGRICULTURAL SCIENCE 


completed one-third of their development took 16 days to complete the re- 
maining two-thirds of the embryonic development in 90 as well as 100 per 
cent relative humidities at room temperature (28° — 37°C.)ibut those kept in 
80 per cent relative humidity hatched after 17 days, i.e. two days later than 
the eggs kept at the same temperature but incubated under optimum moisture 
conditions. Bodenheimer [1929] performed similar experiments on eggs which 
had completed one-third or two-thirds development. He also arrived at the 
conclusion that the eggs exposed to a partially saturated atmosphere, at a 
later stage of development, were able to complete their development. 

Thus it may be concluded that freshly laid eggs can develop only in satu- 
rated atmosphere, a lower relative humidity being fatal for them. Partially 
developed eggs can complete their development in an atmosphere of lower 
relative humidity but the rate of development is considerably retarded. 

Infliience of deficient soil moisture 

In Locustana pardalina, which undergoes a long diapause in the egg 
stage, Faure [1932] succeeded in hatching eggs which lay dormant in dry soil 
for 37 months, and according to Lounsbury [1916] they could be kept in a 
state of suspended animation for three and a half years. Locustana pardalina 
is characterised by the existence of a diapause in the egg stage and Faure 
mentions that the normal suspension of development takes place in spite of 
temperature and moisture being favourable for development. On the other 
hand Schistocerca gregaria has no egg-diapause, i.e. the development of the em- 
bryo is continuous provided the temperature and soil-moisture are favourable. 

Statements have often been made to the effect that eggs of Schistocerca 
gregaria also remain undeveloped for a long time, and according to some for 
years, if kept under relatively dry conditions. Further that such eggs resume 
embryonic development when sufficient moisture becomes available to them. 
King [1921] mentions this possibility for Schistocerca gregaria but deplores 
lack of evidence. He suggests the possibility of oviposition occurring some- 
times in dry earth and the eggs remaining unhatehed until rain falls and pro- 
vides them with the requisite moisture. This prolongation of the egg-stage 
has been reported to occur under natural conditions also. If this is so, 
it is evident that low temperature cannot be the deter minin g factor. The 
threshold of development of the egga of the Desert Locust is about 18°C. and 
in no region of the breeding area of the Desert Locust does a temperature of 
18°C. or less prevail for a long period of time. Therefore it is likely that in 
such cases moisture is the controlling factor. No experimental evidence 
was available to support these statements in the case of Schistocerca gregaria. 
Experiments were designed to discover the influence of deficiency of moisture 
in soil on the development of eggs. The difficulties of these experiments 
have been pointed out. In what follows, results of successful experiments 
have been given. Four experiments were carried out with sandy soil and one 
each with loam, clay-loam and clay soil. In experiments 1 and 2 the sand 
used was dried in an oven at 60°C. In order to obtain maximum hygroscopic 
moisture, this sand was then kept in a dish in a desiccator with cent per cent 
relative humidity for two days and was occasionally stirred. To the soil, 
which had absorbed maximum hygroscopic moisture a measured quantity 
of water was added (Table IV) and the soil thoroughly mixed. Freshly laid 



;VI] STUDIES ON 8CHI8TOCERCA GREQARIA FORSK., X 937 

eggs were removed from the soil of the oviposition cages and placed about 
\ inch below the soil of known moisture-contents in each dish. The 
dishes were then returned to the desiccator in which the atmosphere was al- 
ways maintained, saturated with moisture, at room temperature. In all the 
dishes, including those that contained sand with maximum hygroscopic mois- 
ture, hatching took place without farther moistening of the soil. Evidently 
the eggs in sand were in equilibrium with a fully saturated atmosphere and 
there was free water of condensation in the soil available to the eggs. 

In experiment 3, (Table IV) one batch of eggs was placed in air-dry sand 
(dish a), i.e. in sand containing moisture below the maximum hygroscopic 
limit. The second batch was placed in moist sand to serve as control (dish b). 
After placing the eggs the mouths of both the dishes were sealed with wax 
and wax-paper. In another experiment (4) one batch of eggs was similarly 
sealed in sand containing only hygroscopic moisture in equilibrium with 80 
per cent relative humidity (dish a) and another in moist soil to serve as control 
(dish 6). On 14 May 1934 and 21 May 1934 when the respective control 
eggs had hatched, some water was added to the soil of the other dishes in 
which no hatching had taken place. The eggs in these dishes hatched on 25 
May and 31 May respectively, i.e. 10 to 11 days after moistening. 

Experiments 6, 6, and 7 were conducted on the same lines as experiments 
1 and 2 except that the soil used was loam in experiment 5, clay loam in 
experiment 6 and clay in experiment 7. The eggs hatched in all the dishes 
in which the soil contained a higher percentage of moisture, while in the 
case of dishes containing low soil-moisture, namely dish e in experiment 5 
and b and c in experiment 6, no hatching took place until the soil was mois- 
tened subsequently. It will be noticed that several of these dishes contain- 
ed soil having a much higher percentage of water than the maximum hygro- 
scopic moisture. The results of these experiments are given in Table IV. 

Table TV 

Influence, of soil-moisture on the development of eggs (1934) 


Experi- 

ment 

No. 

Refer- 

ence 

No. 

1 

, - 

j 

; *3 

1 ^ 

i 

Percentage 
o( moisture 
added 

Bate of j 
oviiRikitioii 1 

i 

Date of ’ 
moistening i 

1 

' 1 
] 

Date of 
hatcliing 

liiruba- 

tion 

peiiud 

(days) 

Tenij)erature during 
exiHjriinent (“C.) 

Average Average 
nuixl- 1 minimum 
mum 

1 

E22 ' 

1 j 

Snndy a j 

Saturated 

4 Aug. 

... 

10 Aug. 

12 

i 

i 

:t4 

33 


»t 

»» , 1 

1 1 1 

1 8-4 

do. 

j ... 

i 17 „ 

13 


Jf 


If 

I ** i ® 

4-2 

do. 

... 

’ 18 „ 

1 1-^ 

1 

4. 

,» 


If 

1, 1 d 

Max. hyg. 

do. 

... 

21 

1 

1 


2 

P30 

II 1 ® 

4*6 

4 Sept. 

1 

1 

I ... 

! 

17 Sept. 

1 

If i 

31*2 
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Table IV—eotM. 


Experi- 

ment 

No. 

BefiBi- 

enoe 

NO. 

Soil 

DlBh 

No. 

Percentage 
o| moisture 
added 

Date of 
ovlposition 

i 

Date of 
moistening 

Date of 
hatching 

Incuba- 

Uon 

period 

(days) 

TempeTatnre during 
experiment <«0) 

Average 

maxi- 

mum 

Average 

minimum 


PSO 

Sandy 

b 

4-6 

4 Sept. 

• •• 

17 Sept. 

18 

84 

81*2 


at 

f» 

c 

2-25 

do. 

... 

19 Sept. 

16 

t» 

t> 



ft 

d 

2*25 

do. 

... 

19-21 „ 

16-17 

It 

11 


tt 

ft 

e 

Max. byg. 

do. 

... 

27-29 „ 

28-26 

38*6 

29 

3 

L455 

„ 

a 

Air dry 

27 April 

14 May 

26 May 

28 

80 

Gonttant 


• ) 

>f 

b 

Control 

do. 

... 

14 „ 

17 

... 

It 

4 

L452 


a 

Hyg. at 80 

8 May 

21 May 

81 .. 

23 

86 

ft 





TMT cent 











B. H. 








»> 

t. 

b 

Control 

do. 

... 

21 May 

18 

... 

ft 

5 

Q16 

Loam 

a 

30 

18 July 

... 

81 July 

18 

36*1 

33*0 


ft , 

ft 

b 

20 

do. 


do. 

tt 

tt 

tt 


»* 

ft 

C j 

20 

do. 

... 

do. 

*t 

It 

ft 


t, 

ft 

d 

5 

do. 

... 

8-4 Aug. 

16-17 

36*0 

ft 


tt 


e 

Max. hyg. 

do. 

... 

6 Sept. 

50 

84*9 

31*8 

0 

P30 

Clay i 

InAfn ^ 

a 

13-3 

4 Sept. 

Attacked fc 

*y fungus 



1 


tt 


b 

C-6 

do. 

14 Nov, 

24 Nov. , 

81 1 

28*4 1 

24*1 


tt 

1 

tt 1 

c 

6 '6 

do. 

do. 

do. 

81 i 

tt 

tt 


tt 

tt 

! ^ 

Max. hyg. 

do. 

10 Nov. 

Attacked by fungus 



7 

Q14 

Clay 

a 

18-7 

7 Aug. 

... 

19 Aug. 

12 

84 

1 33 

1 

tt 

ft 

b 

0-8 

do. 


21 Aug. 

14 i 


33 

1 

tt 


c 

6-3 

do. 

21 Aug. 

6 Sept. 

30 

32*5 

81*7 

1 

i 

If 

tf 

d 

3-2 

do. 

do. 

do. 

80 

tt 

31*7 

1 

ft 

ft 

c 

Max. hyg. 

do. 

6 Nov. 

Attacked by fungus 




Conclusions , — From Table IV it is evident that in sandy soil, containing 
maximum hygroscopic moisture and exposed to fuUy saturated atmosphere, the 
eggs of the desert locust were able to complete their development, although 
the incubation period was longer by five days as compared to the control eggs 
kept at optimum soil-moisture. Thus a comparative deficiency of moisture 
in soil resulted in a corresponding prolongation of the incubation period. 
When, however, the eggs were placed in soil more deficient in moisture, for 
example in air-dry sandy soil, i.e, in sand containing less than the maximum 
hygroscopic moisture, the development of eggs was arrested, and recommenced 
only when the soil was subsequently sufficiently moistened. Thus, in ex- 
periment 3, whilst the eggs in the control hatched after an incubation period 
of 1 7 days, those in air-dry sand had to be provided with more moisture to 
complete their development. These eggs hatched J 1 days after the moisture 
was added. The incubation period at the temperature at which this experi- 
ment wae conducted being 17 days, and the incubation period after the 
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subsequent addition of water being 11 days, it may be correct to assume 
that the development to the extent of six days of incubation at this parti- 
cular temperature had taken place before the eggs were moistened. One 
may assume that the water required for this extent of development was 
available in the eggs. Similarly in experiment 4, eggs in moist sandy soil 
hatched after 13 days, while those in sandy soil, with hygroscopic moisture 
in equilibrium with 80 per cent relative humidity, remained unhatched and 
completed their development ten days after the soil was moistened subse- 
quently. Thus during the 13 days that the eggs were in dry soil at 35''C. 
they had undergone development equal to three days’ incubation under 
optimum conditions of moisture. 

These experiments are of particular interest, because the soil and the eggs 
were kept in dishes the mouths of which had been sealed and, therefore, the 
humidity and soil-moisture were uniform throughout the experiment. 

In the case of loam soil even when it contained maximum hygroscopic 
moisture (dish e, experiment 6) the development of eggs was completely ar- 
rested. The control eggs hatched after 13 days (dishes a, b and c) but 
these eggs (dish e) were unhatched after an incubation period of 34 days, 
when on 21 August they were moistened. They hatched on 6 September, i.e. 
16* days after tlie date of moistening. Equally interesting is the case of di^^h 
d (experiment 5). Eggs were kept in loam soil to which, in addition to its 
maximum hygroscopic moisture, 5 per cent water by weight had been added. 
Hatching took place on 3 and 4 August, i.e. the incubation period was 15 to 
16 days as against 13 days in loam soil to which in addition to the maximum 
hygroscopic moisture 10 per cent or more water (dishes a, b and c) had been 
provided from the very beginning. This prolongation of the incubation period 
by a few days shows that in loam soil 5 per cent water plus maximum hygros- 
copic moisture is a little less than the amount of moisture required for nor- 
mal incubation. A comparison of the results of this experiment with those 
of experiments 1 to 4 shows that the quantity of water available for absorp- 
tion by the eggs from soils of different nature varies although the various 
soils may contam the same percentage of water. 

In clay -loam (experiment 6, dish d) and in clay (experiment 7, dish e) 
containing maximum hygroscopic moisture the eggs remained unhatched 
up to 67 days and 90 days respectively by the end of which they were found 
on examination to be healthy. On addition of water at the end of this 
period, however, they contracted fungus infection and none of the eggs 
could complete its development. In clay-loam (dishes b and c, experi- 
ment 6) to which, after the adsorption of maximum hygroscopic moisture, 
6 • 6 per cent water had been added, the eggs laid on 4 September remained, 
so to say, dormant till 14 November, the date on which water was added 
to the soil. They hatched on 24 November, i.e. M days after the date 
of oviposition. In our experiments this is the maximum length of time 
over which the incubation period of the eggs of the desert locust was 
extended without loss of viability by providing conditions of moisture-defi- 
ciency in soil. Similarly in the case of clay (experiment 7) eggs placjed in 

^Sixteen days is about the normal incubation period at the temperature to which 
the eggs were subjected ( Table IV). 
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dishes c and d (water 6-3 per cent and 3-2 per cent plus maximum hygros- 
copic moisture) remained unhatched up to 21 August, when moisture was 
added. They hatched on 6 September, i.e. 30 days after oviposition, the 
normal incubation period at the temperature at which this experiment was 
conducted being 12 days only. 

The behaviour of soils of difiTerent texture is very interesting. In sandy 
soil eggs were able to complete their development when the soil contained 
only maximum hygroscopic moisture and the atmosphere to which it was 
exposed was kept saturated ; in heavier types of soils a percentage of moisture 
greater than the hygroscopic maximum was necessary for the complete 
development of eggs. 

Under conditions of deficient soil-moisture, i.e. when the soil-moisture 
fell below a certain minimum percentage, varying with the texture of the soil, 
the embryonic development was completely arrested and recommenced only 
when the percentage of moisture was raised. The amount of moisture re- 
quired increased with the heaviness of the soil. 

These conclusions are obviously of very great importance. It has been 
established that in Schistocerca gregaria embryonic development is arrested 
by insufficiency of available moisture. Thus it is clear that, should dry condi- 
tions prevail in nature over a long period, it is not unlikely that eggs will 
remain dormant during the prolonged period of drought and hatch out only 
after precipitation. 

Discussion , — The condition of the soil in which eggs were placed may be 
described thus. Soil is essentially a mass of loose particles of solid matter 
with a film of water surrounding them. The interspaces are thus occupied 
by water and air. The size of the interspaces depends on the texture of the 
soil. An egg placed in a soil will have a portion of its surface in contact with 
the soil particles and, therefore, in contact with the water fi m ; and a portion 
will also be exposed to the atmosphere in the soil and perhaps a film of water 
may get deposited upon the surface of the egg. 

Moist soil exposed to a partially saturated atmosphere loses its moisture 
to a certain degree, varying with the texture of the soil, but this water is firmly 
held by the soil particles. It is well known that the remaining moisture, which 
is in equilibrium with the air and is known as hygroscopic moisture, cannot be 
utilized by plants. Wilting begins before the water-content of the soil falls 
below the hygroscopic limit because soils will rather retain such water than 
give it up to the plant. Nor can such water move from particle to particle 
[Hall, 1918], The eggs of locusts placed in the soil can be likened to root 
hairs of plants. They would be drawing water from the film held round the 
soil particles. The force with which the film of water is held by the particles 
of soil depends upon the size and nature of the particles. 

In most of the experiments described above the soil was exposed to a 
saturated atmosphere during the entire period of incubation. Since the air in 
a soil kept in an atmosphere of cent per cent relative humidity would also be 
saturated, the case would be similar with eggs exposed to a fully saturated at- 
mosphere. If so, why did some of the eggs exposed to a saturated atmosphere 
in some of these experiments complete their development, while others did not ? 

It seems to us that for normal development an egg must not only be ex- 
posed to a fully saturated atmosphere to prevent the loss of its own moisture, 
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but must also come in direct contact with water which it has to absorb. The 
fact that during the course of development eggs increase in weight supports 
this contention. In a saturated atmosphere even a small fall of temperature 
would result in a condensation of w^ater in the soil. Such moisture being above 
the maximum hygroscopic limit may be easily available to eggs in sandy soils 
where on account of the comparatively bigger size of the sand particiles it is 
rather loosely held, but in the case of heavy soils may be too firmly held to be 
easily absorbed by the eggs. The development of eggs would be affected 
accordingly. It seems very likely that, in cases where eggs liatched in a satu- 
rated atmosphere and in light soils having only the maximum hygroscopic 
moisture, it was this accidental precipitated water of condensation that 
provided the necessary moisture for embryonic development. 

VI. Influence of saturated air on intermediate moult 

It has been stated [Uvarov, 1928] that freshly emerging larvae cannot 
shed their intermediate moult in an atmosphere saturated with water vapour. 
It is argued that in moist air the chitin becomes too elastic and is difficult to 
burst. 

Experiments were started to verify this statement. Fully incubated 
eggs v/cre obtained from a field where they had been laid by a swaim, and 
transferred to a desiccator with cent per cent relative humidity on lo August 
1931. All the eggs hatched out on 10 and 17 August and the larvae shed 
their intermediate moults normally. A number of similar other experiments 
were performed with the same results. The question is of great prac^tical 
significance because it may moan that after showers of rain, when the soil is 
giving out moisture and the air near the soil surfa(»e is fully saturated, the 
intermediate moult would not take place in nature. This, liowevor, is 
contra-indicated by numerous actual observations. 

VI 1. Influence of atmospheric humidity on hopper development 

Three experiments were performed to determine the influence of relative 
humidity on the duration of the hopper stages of the de.sert locust. Ex- 
periment 1 was conducted at room temperature (average maximum 30*9°C., 
average minimum 27*1°C,) and at 45, 00, 80 and 100 per cent relative humi- 
dities, which were maintained by means of super-saturated solutions of salts. 
The hoppers were reared singly in Petri-dishes in the manner described by 
ZwOlfer [1932]. For food they were provided with cabbage leaves which 
were renewed four times each day, when regular observation were recorded 
as to the stage of the hoppers. The frequent changing of the leaves however, 
caused some fluctuation in the percentage of humidity. 

Experiment 2 was conducted on the same lines as exjieriment 1 except 
that the hoppers were reared crowded and at a constant temperature of 36°C. 
Only two humidities (85 per cent and 35 per cent) were tried. 

In experiment 3, in order to avoid fluctuations of humidity, no leaves 
were placed with the hoppers. Four times each day, i.e. at 7, 12, 17 and 
21 hours, the hoppers were transferred from their air-conditioned chamb:rs 
to cages provided with fresh cabbage leaves and kept in a thermostat 
maintained at the corresponding temperature. An interval of an hour was 
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allowed for feeding, after which the hoppers were replaced in their respective 
ohambers. During the feeding period the hoppers remained at an unknown 
but presumably higher humidity. The hoppers in this experiment were reared 
singly at a temperature of 36°C. 

In experiment 1 (Table V) the average duration of the last two hopper 
stages at 45, 60 and 80 per cent relative humidities is the same, i.e. about 
19 days. The one hopper that reached the adult stage at cent per cent 
relative humidity had a longer duration for the two stages, namely about 
26 days. This insect was sickly throughout and for this reason it is not 
desirable to draw any inference. Saturated atmosphere, as has been shown 
earlier, causes disease among the adult locusts and it is probably equally un- 
suitable for the hopper stages of the desert locust. 

The duration in experiment 2 abo is the same for low (36 per cent) and 
high (85 per cent) relative humidities, i.e. on the average the hopper stage 
lasted 22 days in both the humidities. 

In experiment 3 (Table V) a little lower relative humidity (23 per cent) 
was tried. It will be seen that the duration of the hopper stage in low humi- 
dity (23 per cent), which is lower than the one tried in experiments 1 and 2, 
b a little longer than in high humidity (80 per cent). .Mso, that the total 
average duration in both the humidities is longer than the normal duration 
at the temperature at which this experiment was conducted. This point wDl 
be referred to again. 

Table V 


Bate of growth of hop'pera at different relative humidities 


Expt. 

Temp. 

Relative 

Duration of different stagee (dayB) 

No. of 


No. 


humidity 

I 1 11 

in(a) 

ni(« 

IV 1 

V 

Total 

hoppers 

Remarks 

1 

AveraRC max. 

lOU 

1 ••• 

... 

... 

9*5 

17-3 

26-8 

1 

The hoppers 


30 9 

80 



... 

8-0 

11-4 

19-4 

7 

were roared 
singly 


AveraRc min. 

60 

! ... 



7-9 

11*8 

13-7 

7 



271 

4,5 

1 ••• 


... 

7-8 

11*2 

19-2 

7 


2 

30 

8.5 

3 1 4 

3 

... 

4 

8 

22 

26 

The hoppers 








8 



were roared 


30 

3.5 

3 4 

3 


4 

22 

12 

crowded 


30 

80 

... 

« 

7 

5 

10 

28 


Female 




... ... 

5 

6 

0 

10 

27 

1 

Male 





e 

7 


10 

29 

1 

Male 



1 



6 

7 

10 

29 

1 

Hoppers were 


36 



1 






reared singly 


1 23 


1 6 ^ 

6 

7 

j 10 

29 

t 

1 

Female 




i 

1 o: 

G 

6 

10 

31 

1 

Male 




1 

: *" 

14 

7 

9 

30 

1 

Female 



i 

... 

i ^ 

... 

7 

9 

22 

1 

Male 



i 

... j ... 

1 ... 

13 

7 

9 

29 

1 

Male 




... j ... 

... 

13 

9 

9 

81 

1 

Female 



1 

1 

i ^ 

... 

r> 

12 

24 

1 

Female 



i 



13 

7 

10 

30 

1 

Male 




1 

i 6 

U 

7 

' 1 

11 

31 

1 

Male 
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Key [1936] hae studied the effect of humidities on the length of hopper 
stages in Locusta migrcUoria migratorioides. He selected 99-100 per cent 
relative humidity on the one side and 6-10 per cent on the other and concluded 
that with the decrease of relative humidity the durations of the stages increase. 
For ready reference, his figures are given below. 


Length of stages in Locusta migratoria migratorioides {days) 


Instar 

High humidity (99-100 per cent) 

Low humidity 5-10 
per cent 

I 

6-8 

J2 

TI 

6-4 

12 0 

III 

5-9 

80 

TV 

7-4 

9-7 

V 

]l-5 

14-5 


Attention may be drawn to the fact that these hoppers were supplied with 
‘ small quantities of food once a day 

On the other hand, Hamilton [1936] finds that L, migratoria has an opti- 
mum at about 60 per cent relative humidity at 90°-100'^F. and that the dura- 
tion increases as the relative humidity rises above or falls below this optimum. 
In the case of Schistocerca gregaria he finds that the optimum relative humi- 
dity at 90°F. is about 60 per cent and at 100®F. about 70 per cent. As in L, 
migratoria, so also in S, gregaria he finds that the duration of the hopper stages 
increases as the relative humidity diverges from this optimum. In his en- 
deavour to avoid disturbing the humidity, Hamilton supplied food (grass or 
young wheat) only once a day to each cage. 

In our experiments 1 and 2, where constant supply of green food was 
maintained, the duration of the hopper stages is about the same as is normal 
at the temperatures at which these experiments were conducted. While in 
experiment 3 where the insects had no food for 20 hours each day the dura- 
tion of hopper stages at both the humidities is much longer than what it nor- 
mally is at 36°C., the temperature at which this experiment was conducted. 
We thus conclude that this increase in the duration of the hopper stage is the 
result of under-feeding. In this experiment the increase is more pronounced 
in the case of hoppers at lower humidity. Possibly the greater loss of water 
from the body at the lower humidity is not made good during the four hours 
of feeding. Similarly, there must have been under-feeding in the case of 
hoppers in experiments of Key and Hamilton. The food must have dried 
up quicker at low relative humidity, resulting in greater under-feeding and 
prolongation of the hopper stages with decrease of amount of moisture in the 
air. 

These experiments prove beyond doubt that the larval and imaginal 
development of Schistocerca gregaria is not appreciably affected by variations 
in relative humidity, provided the insect is able to get plenty of fresh food. 
Low humidity, prolongs the duration of hopper stage only indirectly, namely 
by making the food less congenial to the insect. 

Summary 

The serual development of the adults is not inhibited by dry atmosphere 
if fresh food is available. Eggs are laid in soil sufficiently moist. Moisture 
has a marked influence on the incubation of Schistocerca gregaria eggs. Eggs 
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are not able to complete their development in a partially saturated atmos- 
phere. Even with suitable temperatures the development may be arrested 
if the soil-moisture is deficient. In this way eggs were expeHmentally kept 
dormant for a period of 81 days under conditions of temperature at which 
normal incubation is only about three weeks. They recommenced develop- 
ment after moistening. These observations show the possibility of eggs 
remaining dormant for a long time in nature and hatching after rain. 

The influence of low atmospheric humidity on hopper development is 
insignificant, provided a supply of fresh food, which is the normal source of 
intake of water, is available. A completely saturated atmosphere is, how- 
ever, decidedly detrimental ; it slackens larval development, shortens the adult 
life and increases mortality. 
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I. Introdtjctory 

S ATOCERA RUFOMACULATA De Geer is a very serious pest of fig 
trees, so much so that in certain localities fig growing is impossible, 
becuase of the ravages of this insect. For instance, in the Experimental Fruit 
Orchard at Lyallpur, 53 fig trees were planted in 1925 and by 1932 only 
three had survived the attacks of this borer. 

Stebbing [1917] made some preliminary observations on this pest, but 
did not study its complete life-history. Beeson [1919] studied the food plants 
of this insect. Gardner [1927] described the mature larva and pupa- 
The observations made by us during the last few years are presented in this 
paper. 

We acknowledge with thanks the information supplied by the Forest 
Entomologist, Dehra Dun, from his unpublished records, and we are further 
grateful to him for his permission to make use of it. 

II. Synonomy [From Aurivillius, CoL Cat., 73 : 127] 

Batoccra nifomaculata, Do (il('er, Mem. Ins., F, 1775, p. 107. 

— Rotzkis, Do Door. Qen. Spec., 1783, p. 138 . India, Coylon 

— cruentata, Gmol. in L. Syst. Nat. ed. 13, I, 4, 1790, 

p. 1863 ........ Madagascar 

rubiginosa, Voot, Cut. Col., II, 1778, p. 34, t. 13, 

f. 63 ........ Mauritius, Bourbon 

German East 
Africa 

rubra. Maxwell -Lofroy, hid. Ins. Life, 1909, p. 376, 

f. 246, 247. — Piorco, Dangerous Ins., 1917, p. 103, f. 

21 . 

rubus, Schrotor, Abhandl., I, 1776, p. 333, t. 2, f. 2. 

rubus, Stobbing, A Note on the Duki Fig Borer, Bull. 

10, 1907 

rubus, var. andamana, Thoms., Revue Zool. (3) VI, 

1878, p. 64. — Krioscho, Revis, p. 147 . . . Andaman 

rubus, ab. chlorinda, Thoms., Archives Ent. I, 1867, 

p. 171 ; Monogr., p. 80. — Bits. Notes Leyden Mus. 

IX, 1887, p. 220 


945 


East Indies 



946 THE INDIAN JODBNAL OF AOBICDLTURAL SCIENCE [X 

Batocera nJtta, var. diana, "Sotdx. Deuttdu EtU. Zeitadur, 

' 1891, p. 276. — Krieeohe, Swia, p. 147 . . Tibet 

rtUm»$ ab. potti Gab. Ann, Mag. Nat, Hitt. (6) V, 

1890, p. 65, t. 7, f. 2 Ceylon 

Tubut, ab. thyd>e, Thoms. Revut Zool. (3) VI, 1878, 

p. 52 Cochin CSiina 


III. DlSTMBTmON 


World diatribviion 

B. rufomacidaUt is widely distributed in India, Ceylon, Malaya and 
East Africa. According to Duport [1914] it is present in the Far East and 
infests Hevea sp. Hutson [1920] has recorded it as a serious pest of Artocarpua 
integrifolia (jaJk tree) in Ceylon. It also occurs in Mauritius, Madagascar and 
Reunion. It got introduced into Torlota in 1914 and attacked and killed 
nearly all the native fig trees [Report of the Department of Agriculture, British 
Virgin Islands, 1920]. 

Distribution in India 

According to Lefroy [1909] B. rufomacvlata is found throughout the Indian 
plains. This has been confirmed by subsequent workers. Stebbing [1914] 
records it from Duki, Loralai (Baluchistan) (Col. C. A. Kemball) and Fort 
Sandeman (Major Roome etmihi). Fletcher [1914] found it throughout 
Southern India. Beeson [1919] has recorded it from Gorakhpur division of 
the United Provinces and Ramakrishna Ayyar [1923] from the Madras 
Presidency. 

DiatrUmtion in ffte Punjab 

It is probably distributed all over the province, but has, so far, been 
definitely recorded as a serious pest from LyaUpur, Sargodha, Hoshiarpur and 
the Kulu valley (on wild fig trees). 

IV. Food plants 

B. rufomaoulata has a wide range of host plants belonging to 11 na- 
tiu'al orders. A list of the host plants is given below : — 


Food plants of Batocera rufomaculata De Oeer 


Food plant 

Natural order 

Country 

Reference 

Shoreti robvsta . 

j 

Diptorocarpacese 

India 

Unpublished records 
of the Forest £nto* 
mologist, Dehra 

Dun 

Bombax moJ^aharvciwm, 

Malvaceae 

99 • • 

Beeson 

Eriodendron anjraebuoeum • 

tf • 

Mauritius 

BuU. Imp. let., XXIV, 
No. 1, 1926 
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Food plant 

Natural order 

Country 

1 

Reference 

Stercvlia colorata 

Storculiacese 

India 



S> viUoaa 

»> • 

t> • • 


UnpublLshed records 

Oaruga pinnata 

Bursoraccia? 

>> • * 


of the Forest En- 
^ tornologist, Dehra 

Buchanania Udifolkt . 

Lannea grandia 

Anacardicoai 

>» • 

99 • * 


Dun 

Mangifera indica 

»» 

Mauritius Vir- 

Wilson, Emmerz and 

Odina wodier . 

>> 

gin Islands 

India 


Gebert 

99 99 99 

Semecarpua anacardium 

>> 

9 9 • • 

1 

Unpublished records 

Spondma magifcra 

»> 

99 • • 

j 

of the Forest En- 
► tornologist, Dehra 
Dim 

Moringa pterygoapcrnia 

Moriiigaccw 

99 

B(‘oson 

Albizzia lebbek 

Leg\jminosa3 

99 • • 


99 

Erythrina indica 

>» • 

99 • • 

1 

B<*eson & Fletcher 

Barringtonia acutangula 

Myrtoccso 

.. . . 1 

1 

l^npublishcxi records 

Adina cordifolia 

Kubiaeoiu 

' 1 

[ „ . . j 

1 

J 

of the Forest En- 
tomologist, Dehra 
Dun 

Hevea brazUienaia 

Eupliorbiacea; . 

” • • ! 

Beeson ; Ayyar 

Hevca sp. 

»» 

Far East 

Duport 

Artocarpua integrifolia 

Urticaoofij 

C<\ylon . 

Hutson 

A, inciaa 


Coylon 

Hutson 

Brouaaoneiia papyrijcra 

>> • 

India 

Ui 1 1 )ubl ish ed rtxjords 

Ficua aspcrrirmi 

»» • 

99 • » 


of the Forest Ento- 
mologist, Dehra 

Dun 

99 

F, bengalenaia . 


99 • • 


99 

F. carica 

• 

99 • • 

Beeson 

F. elaatica 


99 • • 

Wilson 

F, glomerala . 

jy • 

99 • • 

Beeson 



THE INDIAN JOORNaL OE AaRlOUDTUftAL SCIENCE 




Food plant 


Natural order 


F, infectoria 


Urticaco® 


Country 


Heferei^es 


] 


India 


Unpublished records 
of the Forest Ento- 
mologist, Dohra 
Dim 


F. pedunculata 


Wilson 


F, religiosa 
F. tjakeki 
Morns indica 


1 Unpublished records 
I of the For(*st En- 
y tomologist, Dehra 
I Dun 


Almost ifny plant having a | 
thick bark or ])osses.sing i 
laticiferous v(‘ssles. I 


Virgin Islands 


I 


I (Not(\s‘ Insect pests 
j Agric. Dept. Virgin 
I Islands, Barbados. 
I 1918 - 19 ) 

i 


In the Punjab it is the most destructive pest of fig trees and also attacks 
mango trees. Besides, it has been observed attacking apple trees (grown ex- 
perimentally) at Lyallpur. 

V. Description of the various stages 


Stcbbing [ 1907 ; 1914 ] has given a brief description of the full-grown 
grub and beetle. Gardner [1927] has given a fuller description of the full- 
grown grub and pupa. 

Egg (Plate XLJV, Jigs, l-2).^-Ova>h 5*5-6* 8 mm. long apd 1 *8-2* 3 mm. in 
diameter, chorion thick and leathery, surface very faintly marked with hexago- 
nal impressions, colour dirty-white, micropylar end thicker with a circular 
depression bounded by a thick lip and surrounded by a brownish area. 

Freshly -hatched grub (Plate XLIV,figs, 3-7). — Creamy -white in colour with 
head dark brown ; slender, thickest in the thoracic region, gradually tapering 
towards the anal end, 8- 4 mm. long and 2 * 7 mm. broad at the thorax ; he^ad 1 • 8 
mm. long, 1*9 mm. broad; mandibles strong and dark in colour ; labrum, 
labium and maxillae covered with sharp bristles. Antennae very minute, 
segmented, tipped with sensory papillae. Pronotum with numerous strongly 
chitinised flattened denticles. Behind each spiracle there is a thick spine, 
directed backwards. Spiracles very characteristic, each possessing bilobed 
protuberance (in the later instars this structure disappears). Body covered all 
over with numerous minute spines. 

Full-grown grub (Plate XLIYyfigs, 8-11). — ^About 3 in. long, 0* 8 in. wide at 
the thorax ; body creamy -white, tapering towards the 8th segment and cylin- 
drical further on ; head dark brown with short antennae ; prothorax burnt- 
umber ; thoracic legs rudimentary, extremely small, encircled with sharp 
minute bristles. Minute tubercles and denticles arranged on all the thoracic 
and abdominal segments. Spiracles nine on each side ; just like oval pits of 
burnt-umber colour. 
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PLATE XLIV 


BATOCERA RUFOMACULATA DE GEER 



Fig. 1. Fig. 2. Micropylar Fig. 3. Aiitemia of Fig. 4. Labruin of Fig. 5. Mandible of 
Egg end of the egg freshly- hatched freshly-hatched grub freshly-hatched grub 

(highly magnified) grub 



Fig. 9. Spiracle of a 
full-grown grub 


Fi(i. U). Region of the Fig. 11. Denticles and minute Fkj 12. Pupa 
m('.so-leg of a full-grown tubercles on ventral surface (side view) 
grub showing a nidi- of the 9th segment of 

mentary leg full-grown grub 



Fig. 13. Adult beetle (For size see descri]»tion) 



VI] BIONOMICS AND CONTROL OF THE FIG-TREE BORER 949 

Pwpa (Plait XLIV,fig- 12). — 60 mm. long, 22 mm. broad across the thorax ; 
when freshly formed creamy white, later on changing to pale brown. Head 
sightly deflected, antennse very long, pass along the thorax on each side and 
then make a spiral over the respective meta-leg. First two pairs of legs folded 
over the wing pads and the meta-legs folded below the tips of wing pads. 
Pronotum shield-shaped and bears one protuberance on each side. Abdominal 
tip tapering and curved with a sharp upward bend. 

Beetle (Plate XLIV, fig. 13). — ^Female 1*9 x 0*7 in., male 1-6 x 0-6 in. ; 
stout ; dark brown covered with yellow -ochre pubescence ; ventro-lateral 
sides with a white strip running lengthwise ; scuteUum white ; pronotum with 
two kidney -shaped orange-yellow spots. Cephalic region of elytra with numer- 
ous dark tubercles and one small, sharp tooth on each shoulder. Lateral 
margins of elytra dark. Light yellow spots of variable numbers on each 
elytra. Antennae long, dark brown, 11 -segmented, 3rd segment with a 
row of small teeth on inner edge. Prothorax with a sharp pointed, stout 
tooth on each side in the middle. 

Distinguishing characters of the male and female beetles 

Malo Female 

1. Antenn®, if foldetl back, their 3 segments 1. Antenn® do not approach or exceed the 

reach beyond the abdominal tip. hinder end. 

2. The anal end is brown and miich wid<T 2. The anal end is dark black and narrower 

than that of th<‘ female. than that of the male. 

3. Elytra reach the anal end. 3. Elytra do not reach the anal end. 

VI. Seasonal history 

In South India the beetles seem to emerge about the beginning of the rains , 
in May and October [Fletcher, 1914]. In Baluchistan this insect is apparently 
most plentiful in July [Stebbing, 1907]. At Lyallpur, in 1932, the beetles 
started emerging about the end of May and continued to emerge till the end of 
August. In 1933 the emergence started early in May — the first beetle was 
seen actually emerging out of a stem on 2 May. The emergence continued 
till the end of August. The last beetle was observed coming out of a stem on 
29 August 1933. The beetles thus emerge during the summer months, and 
the emergence is at its maximum during the months of July and August, i.e. 
during the monsoon rains. It may, however, be mentioned that a male beetle 
emerged from a caged tree in the insectary on 29 October. Usually, however, 
the beetles do not emerge after August.f 

The adult is long-lived and beetles have lived in captivity in the labora- 
tory as long as five months, viz. from June to the b^inning of November. 
The Forest Entomologist has recorded eight months as the maximum life of 
the beetle in captivity (unpublished records). Thus the egg-laying period 
may extend from May to the end of October or even the beginning of Novem- 
ber. The grub stage is met with in the stem of the attacked trees throughout 
the year and the pupal stage from November onward. 

tTho emergence period in North India is from March to Aiigu-st ; 60 per cent of the 
beetles emerge in May and 30 per cent in June (Unpublished records of the Forest 
Entomologist). 
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The seasonal history may be summarised as follows : — 


May to August 

August to October 
November 
December to April 


Beetles emerge, eggs and grubs are met with, as well 
as pupsB of the last year are met with. 

Oviposition continues, grubs are met with. 

Grubs of various stages and pupse are met with. 

Grubs in the resting stage and pupss are met with. In 
March, however, mostly the pupal stage is present. 
Barely, full formed beetles are found in the resting 
stage within the pupal chambers (observed in the 
Kmu Valley). 


VII. Life-history 

Oviposition 

The eggs are laid singly. The female beetle cuts, by the repeated action 
of its strong vertical, sickle-shaped mandibles, a slightly curved transverse slit 
in the bark of the fig tree. Through the slit thus made the eggs are pushed 
down under the bark (usually they are completely pushed under the bark). 
Generally the eggs are deposited in the stem, most frequently near the base, 
but occasionally they may be laid in the branches. Stebbing [1907] observed 
the incisions made in the bark by the beetles but was not able to locate the 
eggs. He stated, ‘ The eggs have not yet been observed, but they are probably 
laid either singly or in little clu.sters on the outside of the bark of the tree or 

incisions made by the beetle in the outer bark ’In Leafiet No. 10 

[1918] of the Department of Agriculture Reduit (Mauritius), it is stated ‘ The 
eggs are deposited singly in the cracks in the bark, in which the young larvsB 
remain for the greater part of their life.’ According to our observations the 
eggs are not laid in natural cracks of the bark, but are always laid pushed well 
under the bark, through the incisions definitely made by the beetle for the 
purpose. 

It has been observed that after an egg has been laid, the female rubs the 
anal end over the slit from side to side, excreting at the same time a colourless 
liquid with which the mouth of the slit is covered over. 

The method of oviposition would indicate that eggs can only be laid in 
living plants. However, according to the observations of the Forest Entomo- 
logist, oviposition occurs on dead as well as living trees that are not in good 
health and on roots of trees exposed by erosion, etc. (unpublished records of the 
Forest Entomologist). This requires confirmation. So far as our observa- 
tions go the eggs are never laid on dead trees. 

The eggs may be laid at any time during day or night. 

NunAer of eggs laid by a female 

Five pairs of freshly emerged beetles were liberated on caged fig trees on 
22 August 1933, and transferred from one tree to another, and the record of 
eggs laid by them is given in Tables I and II. From 23 August 1933 to 26 Sep- 
tember 1933 these five pairs were kept together and, therefore, their egg- 
laying record is collective. From 26 September 1933 onward each pair was 
kept separate and transferred fi*om one cage to another every day and suppli- 
ed with a fresh fig branch. The largest number of eggs laid by one female in 
24 hours was seven. These five beetles laid 613 eggs in aU. The Forest 
Entomlogist, Dehra Dun records up to 200 eggs laid by a female (Unpublish- 
ed records). 
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Table I 


Record of egg-kiffing of five femcdea of Batocera rufomaoulata De Oeer during 

1933 



Number 



Number 



of 



of 


Date of oviposition 

eggs laid 

Total 

Date of oviposition 

eggs laid 

Total 


by 6 



by 6 



females 



fellies 


Ist tree — 









11 Sept. . 

6 


24 Aug. . 

4 

4 







13 

5 


2nd tree — 









16 

4 


26 Aug. . 

7 








17 

6 

25 

27 „ • . • 

6 








6th tree — 



28 . 

8 

21 







19 Sept. . 

10 


3rd tree — 







1 


20 

25 


3 Sept* • • • 

4 





i 


21 

35 


6 >» » • • 

6 








22 

15 


7 „ . . . 

8 

18 







23 

20 


4th tree — 









24 

26 

130 

10 Sept. . 

4 





1 




Total 

198 


Table II 

Record of eggdaying of the tame five females after separating them in. different 
cages from 26 September 1933 onward 


Date of egg-laying 

Number of eggs laid by different females 

No. 1 

No. 2 

No. 3 1 

No. 4 

No. 5 

27 Sept 

3 

1 

3 

, . 

. , 

28 . * . . 

5 

2 

4 

7 

7 

29 • . 


2 

2 
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Tablb U — eontd. 


Date of egg-laying 

Number of ^gs laid by different females 

No. 1 

No. 2 

No. 3 

No. 4 

No. 6 

30 Sept 

1 

4 

2 

4 

3 

1 Oct. . . . • 

1 

4 

5 

6 

5 

2 


1 1 

4 


4 

3 

3 


3 


3 

4 

2 

1 

1 


2 

6 


2 


1 

1 

8 




• • 

1 

7 

7 

3 

5 

9 

4 

8 „ . 

4 


« 

5 

4 

9 

4 

4 

5 

5 

3 

10 „ . 

1 

1 

4 

1 

1 

11 „ . 

1 


1 

2 


12 

1 



• • 


13 

3 

. 1 

5 

4 

2 

14 

2 

2 

5 

3 

5 

16 „ . 

2 

1 

1 

4 

1 

16 „ . 

1 


1 

2 

2 

17 



1 


• • 

18 

! , , 1 





19 

1 ! 

1 

1 

1 

2 

20 

1 

2 : 

1 

1 

5 

2 

4 

21 „ . 

! 

2 i 

1 


2 

2 

. . 

22 

1 1 

j 

1 

3 

2 

. . 

23 99* * • • 


• • 

6 

1 

2 

24 „ . . . • 



3 


•• 
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Table II — condd. 


Date of egg-laying 

Number of eggs laid by diff(^rent females 

No. 1 

No. 2 

No. 3 

No. 4 

No. 5 

25 

Oct. 

. 

• 

1 

1 

5 

1 

5 

20 

• 


• 

** 

1 


1 

2 

27 









28 

>» • 



Dic'd 




I 

29 

f* • 





2 


1 

1 

30 

99 



1 


t 

: 3 



31 

99 • 





i 

1 ^ 

1 


1 

> 

o 





3 


i 

2 

99 * 




, Dic'd 

' Died 

Died 

1 

3 

99 • 

• 

• 



! 

1 


j Died 

1 



Total 

• 

47 

33 

1 

1 

j 97 

73 

65 


Hatching 

The grub hatches out from the end of the egg which is towarcLs the open- 
ing of the slit, i.e. the micropylar end, but it tunnels into the bark without 
exposing itself. In case the egg projects beyond the slit, tlie grub on hatching 
is unable to bore into the bark and perishes. 

Conditions necessary for hatching 

It has been observed that moisture is essential for hatching, and embedded 
in the tissue of the plant, the egg gets the moisture required by it. Some of 
the eggs were taken out and kept in glass tubes without moisture, and some 
in a tube with a moist piece of cloth. The eggs in the dry tubes shrivelled up, 
while those under moist conditions hatched out. 

Incubation period 

The duration of the egg stage varies from 7 to 14 days, most of the eggs 
hatching within seven to ten days (Table ITT). 

Feediyig habits of the grub 

The grub feeds on the inner portion of the bark and xylem. Its path is 
zigzag. Evidently the grub cuts more fibres than it can actually eat, and 
these fibres are thrown out. It has been stated by Stebbing [1914] that ‘ the 
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tunnel is blocked behind by the excreta of the lorvte, the portion occupied by 
the latter being full of sap’. It has been definitely ascertained that the tunnel 
is filled up not by mere excreta, but by excreta mixed up with a large amount 
of fibrous matter, which has not passed through the alimentary canal of the 
grub. By shaking material firom the tunnel of a grub in a small amount of 
water, the fibre and small rounded grains of excreta can be easily distinguished. 
The excreta just coming out from the anal end of the grub was also examined 
and compared with the fibrous matter in the tunnel and was found to be dif- 
ferent. 

The grubs feed upon the inner portion of the bark for a considerable period, 
making a zigzag tunnel, and filling it behind with frass. They enter into the 
wood when they are sufficiently grown up. It has also been observed that if 
an egg is deposited on a small branch, then the grub enters into the wood very 
soon and its path is not zigzag. It enters into the wood of the branch and 
makes a straight tunnel into the heart of the wood. 

Duration of the grub stage 

The duration of the grub stage varies from about three to over six 
months (Table III). Fletcher [1914] states ‘ the larval stage probably lasts 
over a long time — ^possibly several years ’. Evidently this is not correct, or at 
any rate is not usual. 

Resting 

The grubs become lull-grown by about the end of September to the middle 
of November and prepare elliptical chambers for resting and pupation, stop 
feeding and remain in the resting stage throughout the winter. In rare cases, 
however, they may pupate in November and the beetles are formed. These 
beetles continue in the resting stage throughout the winter and right up to the 
end of April. 

Pupation 

The pupation takes place in an elliptical chamber within the stem, usually 
at a distance of about two inches from the surface, therefore the adult beetle 
has to out its way out. The pupa lies naked inside the chamber. 

Duration of the resting and pupal stage 

The duration of the resting and pupal stages varies from about four to 
seven months (Table III). This includes the resting larval stage and the 
immature beetle stage. Stebbing [1914] considered the pupal stage as 3 to 3| 
months in duration. According to the observations made by the Forest 
Entomologist, Dehra Dun, the pupal period lasts for three to four weeks and 
is followed by an immature beetle stage of variable duration (unpublished 
records). 

Emergence of the beetle 

The beetle emerges by cutting out its own passage starting from the 
pup^ chamber and terminatiug in a circular exit hole of about 0* 7 to 0* 8 io. 
^ameter. The tunnel is always of variable length, 




* Bate of entering the resting stage means the date when the pupal chamber has been completed and the grub starts rest before pupation, 
t The duration of the resting and pupal stage includes resting larval, pupal and immature beetle stages. 
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Number of broods 

It is evident from the above that there is only a single brood in a year. 

VIII. Damage 

Damage done by the beetle 

The beetle feeds upon the bark of young twigs, petioles of leaves and even 
the fruit of fig trees. The buds of the attacked twigs wither, the shoots re- 
main stunted, and the leaves of which the petioles are damaged fall off. How- 
ever, the damage done by the beetle is not of any great consequence. It is 
the grub stage which is the most harmful. 

Damage done by the grubs to the tree 

The grubs do not kill the tree outright and this led Stebbing [1914] to 
remark, ‘ Up to the present it has not been definitely proved that this pest 
kills the trees ’. Even a severely attacked tree may continue to live for a 
considerable time, even years, but finally it dries up. The tree only succumbs 
to the attack when the inner portion of the bark has been totally destroyed 
from all round the stem. If a branch is attacked, that branch alone would 
dry up. In cases of severe attack, the bark cracks, and the inner wood is 
damaged by numerous galleries. It should, however, be noted that if a grub 
mainly tunnels the wood and the bark remains intact, the tree is not killed. 

In our Field Laboratory six beetles were liberated on a fig tree on 2 June 
1932. They laid several eggs, the grubs continued to feed upon the stem and 
ultimately the tree completely dried up. Besides, as stated previously there 
were 53 fig trees in the Experimental BVuit Garden at Lyallpur. Out of these 
only three survived an onslaught of this pest. Further, it is a matter of 
common observation that fig trees do not live very long because of this pest. 
The report of the Department of Agriculture, British Virgin Islands [1920] also 
shows that the pest has destroyed nearly all the native fig trws in that island. 

IX. Symptoms of attack 

Early symptoms 

Only a trained eye can discover the early symptoms of attack. 

As stated above, the female beetle makes very characteristic transverse 
slits on the main stem, more frequently near the base and sometimes on the 
thick limbs of the fig plant. They are moist on account of the sap oozing out 
of the fresh cuts. On opening up these slits one can discover the eggs. 

After a few days a dark brown streak, consisting of the fibrous matter 
mixed up with the excreta of the freshly hatched grub, is seen coming out of 
the hole of entrance of grub. As the attack progresses, the quantities of 
excreta and fibrous matter passed out increase and sap also oozes out of the 
hole. 

When the beetles are about, a very careful examination of the bark, the 
petiole of the leaves, and the fruit may reveal marks of feeding. A more 
careful search among the branches may reveal the beetle itself. The beetle 
when caught makes a shrill piercing noise, which it produces by rubbing the 
scraper on th® hind edge of its pronotum over the file on the mesonotum. 
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Later symptoms 

When the attack has progressed further one can see, even from a distance, 
a mass of woody frass below an attacked portion of the stem or a branch. 
The bark over the attacked portion cracks and most of woody fibre filling the 
burrow thus becomes visible. In case of an old or severe attack one can see 
numerous circular holes on the trunk or the branch, indicating that the beetles 
have emerged out of these. 

X. Preventive and protective measures 

Three different methods were tried in May 1932, just before the egg- 
laying period to protect the plants. 

(а) Wire gauze (1/lb in. mesh) was wrapped round the stem of 22 fig trees. 
No attack appeared on the protected parts but the beetles attacked the un- 
protected portions. 

(б) Lime was applied to the stem of eight trees, Imt this proved of no avail. 

(c) Coal tar was similarly applied to eight trees, but this could protect 

the treated portion only, (loal tar painted pai)ers were wrapped on the stem 
of a plant under a cage and beetles liberated in this. It was found that no 
eggs were laid. 

Trial of spraying the stem and main branches with repellent mixtures. 

In an orchard at Nurpur near Pathankot, there has been a constant 
trouble of the fig borer for the last several years on mango and fig trees. Seve- 
ral trees have been killed from year to year, and the trouble w as noticed to be 
very serious early in 1939. The attacked trees were treated by plugging the 
tunnels with cotton wool soaked in kerosene oil and pluhtering with mud ; all 
the grubs were killed by this method. For the preventum of any further 
attack five sprayings were given wdth repellent mixtures so as t(j provide a 
poisonous coating on the bark. The treatment resulted in a complete protec- 
tion to the trees. The total number of trees thus treated was 110 mango and 
10 fig trees. Sprayings were started just before the oviposit ion period and 
continued throughout the summer at varying intervals. 

As a result of the sprayings, no oviposition w as noticed on any tree except 
in the ca.se of one fig tree on an unsprayed area of a branch which rather proved 
the efficacy of the treatment. 

It is evident, therefore, that by using wire gauze (l/U) in. mesh) or coal- 
tar-painted paper and spraying on the stem and thick branches with repel- 
lent mixtures the stem of a fig tree can be protected against oviposition. 

Where the attack by the pest is bad, all trees which are heavily infested 
and are drying up should be cut and burnt. Dead branches of trees should 
also be cut and similarly destroyed. 

Any beetles seen in garden should be captured and killed. Beetles can 
be collected during daytime feeding upon the top .shoots. 

Trees should be examined frequently from May to O(*tober, and any 
fresh attack on a branch or a stem attended to. 

If some fibrous substance is coming out of a slit, then a larva is very 
likely to be present. In early stages it lies very close to the opening of the 
slit and can be taken out by opening the slit with a sharp knife. 
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Injecting kerosene oU . — ^Most successful results were obtained by inject* 
ing kerosene oU by means of a syringe into the holes in the stem of trees 
having linear tunnels made by the grubs. 

In an experiment eight trees were thus treated with kerosene oil. The 
tuimels made by the grubs were cleaned out by means of a wire and the oil was 
syringed so as to reach the wood. One and a half bottles of kerosene oil 
costing three annas and nine pies were used for eight trees, the cost per tree 
coming to six pies. The holes were closed with mud after this treatment. In 
cases where the tunnel is zigzag it was cleaned as far as possible and 
plugged with cotton- wool soaked in kerosene oil and finally plastered with 
mud. Fletcher [ 1914 ] recommends a mixture of two parts of chloroform 
and one part of creosote to be injected into the holes. The liquid may either 
be injected by means of a syringe or an ordinary bicycle oiling can. Another 
method is to soak cotton-wool in kerosene oil or chloroform and creosote mix- 
ture and plug the hole with it. 

Potassium cyanide . — ^At Jahankhelan in the Hoshiarpur district, in an 
orchard of 33 fig trees, 11 were found attacked by Batocera grubs. Three 
trees were treated by introducing into each hole in the region of wood a small 
crystal of potassium cyanide weighing about 2 grains. The holes were closed 
with mud. The grubs were kfiled and no injury was done to the trees. 
This method, however, requires very careful manipifiation. 

XII. Stjmmaky 

The various stages of Batocera rufomacvlata de Geer are described. 

The female cuts by means of its mandibles a transverse slit in the bark 
and pushes the egg through this slit. The grub hatches out in? to 14 days 
and tunnels into the bark, following a zigzag path. The tuimel is filled 
up with chewed fibre and faecal matter. The active grub stage lasts for 
about six months and when full grown, the grub prepares an elliptical pupal 
chamber and enters on resting stage prior to pupation, when it stops feed- 
ing. Pupation takes place inside the chamber and the beetle emerges in 
about four months by cutting out its own passage. There is only one 
brood in the year. The beetles appear every year from May to the end of 
August and continue living up to November. 

The attack by the beetles can be prevented by protecting the stem with 
coal-tar-painted paper or wire gauze (1/16 in. mesh) or spraying on the stem and 
thicker part of branches with a strong repellent mixture. By killing young 
larvae, or by injecting kerosene oil or chloroform-creosote mixture into the 
holes from which frass is coming out or by cleaning the tunnel and plugging 
it with cotton-wool soaked in kerosene oil and finally plastering the hole with 
mud, the pest can also be controlled. 
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THE INFLUENCE OF THE RAINFALL DISTRIBUTION 
ON THE COTTON YIELDS AT THE GOVERNMENT 
EXPERIMENTAL FARMS AT AKOLA AND 
JALGAON"^ 

BY 
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AND 

V. SATAKOPAN, M.A. 

Agricultural Meteorology Section, Meteorological Office, Poona 
(Received for publication 21 Juno 1940) 

(With three text- figures) 

T he Bombay proviiuje and the Central Provinces and Berar are im* 
portant cotton groving tracts covering about 60 per cent of the total 
area under cotton in India. In these two provinces the crop is grown exten- 
sively in the East and West Khandesh districts of the Bombay province 
and the districts of Berar. Over this tract the climate and soil characteristics 
are more or less the same and so the season, the crop and the methods of cul- 
tivation are more or less similar, (btton is generally sown by the second week 
of June, usually after the first fall of 2 in. of rain. Its period of quickest 
growth is during August-Se])tember. The (Top becomes ready for first 
picking during October. About four pickings are obtained during the growth 
period ol' the crop. The Khandesh crop is early by about a fortnight. 

Akola is a representative centre of the Berar tract and has a Government 
experimental farm for the study of the (cotton crop. The farm was opened 
in June 1906 and regular work began in 1907. The soil of the farm is a deep 
black loam typical of the Berar tract. A series of cotton yield-data extending 
over a period of 28 years (*ommencing from the season 1907-08 was kindly 
supplied by the Director of Agriculure, Central Provinces and Berar. 

Jalgaoii is situated in the East Khandesh district of the Bombay pro- 
vince and has a Government experimental farm for the study of the cotton 
crop, which was started in 1913-14. The soil of the farm is deep black. A 
scries of 23 years’ data on cotton-yield from 1913-14 was kindly made avail- 
able by the Director of Agriculture, Bombay province. 

The above two series of yield-data form the basis of this paper in investi- 
gating the influence of the quantity and distribution of rainfall on the cotton 
yield. The yield -data of cotton supplied relate to the average yield per acre 
over the farm as a whole and not to any one particular plot. The results of 
investigation on the Akola series alone have been already discussed by 
Kalamkar and 8atakopan [1935]. 

* This irivostigation was uiidcTtakt^ri m the Agricultural Meteorology Section, Mete- 
orological Office, Poona, wlien the section financed by the Imf>orial Council of 

Agricultural Researcli. 
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The yields of seed cotton in lb. per acre at the two farms are given in 
Table I. The average yield of seed cotton at the Akola Farm was 443 lb. 
per acre, with a standard deviation of 213 lb., and at Jalgaon it was 485 lb. 
per acre with a standard deviation of 165 lb. The yields were highly variable, 
their coefficients of variability being 48 and 34 respectively for the two farms. 

The two series of yields were subjected to an examination for secidar 
changes by fitting polynomials of the 5th degree [Fisher, 1925]. The values 
of ic's for the two series are shown below : — . 


Mean 

Akola 

Jalgaon 

442*9 

484*7 


+280-7 

—68*2 

X g . . . 

-M3I-2 

-173-0 

X ^ . . . 

+ 190 

+ 143-6 

x'a ... 

—346*6 

—62-6 

... 

+ 164*8 

+ 87-9 

Standard residue . 

1 

211-0 

176*9 


For both the series none of the values of the x's is significant when com- 
pared with the standard residue, indicating that there are no secular changes 
in the series of yields. 

For studying the effect of rainfall on the yield of cotton the period 22nd 
May to 23rd October is considered. This period is divided into 31 sub- 
periods, each of five days. The total rainfall in each five-day period is com- 
puted from the daily rainfall records of the two stations for all the years 
required. A fixed calendar date rather than the date of sowing has been used 
as a reference point for the season for convenience. The choice of a five-day 
period for a unit of tune, although arbitrary, is believed to be fine enough to 
represent the rainfall distribution and also its effect in general on the growth 
of the crop, and the agricultural operations, such as interculture, weeding, 
etc. 

The 31 five-day rainfall figures for each year have been fitted with a 
polynomial of the 5th degree and a set of six constants a', 6', c', d', e' and/' is 
obtained to represent the distribution. These constants which are given in 
Tables II (a) and II (6) for the two stations are later used as independent 
variates with which the crop yield is correlated to obtain a regressional integral 
according to the method developed by Fisher [1924]. Each series of the 
distribution constants in Tables II (a) and (6) has been examined for the pre- 
sence of secular changes over their respective periods. Tables Ill-a and III-6 
give the values of x's together with their standard residues. 
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Tabia I 

Yidd of seed cotton in 26. per acre at Ahoia and Jalffoon 


Year 

Yield at 
Akola 

Yield at 
Jalgaon 

1907-08 



258 


1908-09 



342 


1909-10 



504 


1910-11 



259 


1911-12 



570 

• • 

1912-13 



486 

• • 

1913-14 



509 

277 

1914-16 



564 

387 

1916-16 



682 

777 

1916-17 



60 

623 

1917-18 



179 

112 

1918-19 



218 

596 

1919-20 



771 

545 

1920-21 



55 

598 

1921-22 



513 

626 

1922-23 



216 

484 

1923-24 



456 

603 

1924-25 



334 

537 

1925-26 



393 

352 

1926-27 



378 

573 

1927-28 



782 

441 

1928-29 



662 

360 

1929-30 



753 

614 

1930-31 



657 

642 

1931-32 



150 

153 

1932-33 



583 

529 

1933-34 



433 

527 

1934-35 



634 

290 

1935-36 



1 

502 

Mean 

• 

• 

443 

485 

S.D. . 

• 

• 

213 

165 

C. ofV. 

• 

• 

48 

34 


It is interesting to compare the mean vafaies of the rainfall distribution 
constants for the two stations given in the first rows of Tables lU-a and III-6. 
The mean values for the two stations riiow good agreement and the differences 
will be s^n to be not significant in the light of the pooled estimates of errors. 
This indicates that the average amount as well as distribution of r ainfall for 
the two stations are more or less similar* 
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Table ll-a 

BainfaU dMtnbvtion conatanU—Alcola in.) 


Year 

a ' 

b ' 

c ' 

d ' ’ 

e ' 

r 

1907 

620 

I —122 

—167 

+73 

+ 19 

-4 

1908 

1,108 

—170 

—249 

+ 103 

—40 

—4 

1909 

784 

—96 

—142 

+ 39 

—30 

—6 

1910 

1,106 

—38 

—178 

+6 

—68 

+ 8 

1911 

623 

—129 

—109 

+ 67 

—13 

—6 

1912 

608 

—96 

—164 

+ 84 

+ 6 

—29 

1913 

869 

—133 

—210 

+ 67 

0 

+1 

1914 

869 

—16 

—143 

—27 

—72 

+23 

1916 

867 

—18 

—177 

+66 

—12 

—46 

1916 

1,334 

—40 

—169 

+61 

+ 22 

+ 30 

1917 

936 

+46 

—38 

—46 

—48 

—4 

1918 

398 

—176 

+ 16 

+9 

+ 3 

—7 

1919 

824 

—168 

—62 

+ 60 

—68 

—1 

1920 

338 

—37 

—63 

+27 

—26 

—3 

1921 

773 

—52 

—147 

+ 9 1 

—24 

+ 6 

1922 

964 

—136 

—240 

+ 113 

+ 3 

—72 

1923 

707 

+60 

—139 

—11 

—46 

—6 

1924 

1,107 

+ 219 

—176 

—100 

+ 8 

+ 60 

1926 

622 

—88 

—119 

+ 34 

+ 38 

—1 

1926 

987 

—101 

—306 

+ 89 

+ 67 

—37 

1927 

912 

+22 

—19 

+ 47 

—164 

—70 

1928 

880 

+ 56 

—30 

0 

—76 

+ 60 

1929 

681 

—209 

—67 

+ 131 

—112 

—7 

1930 

892 

+ 84 

—134 

—124 

—73 

+ 41 

1931 

1,130 

+ 266 

—106 

—6 

—49 

—80 

1932 

83 P 

—7 

—207 

+30 

+ 21 

0 

1933 

1,216 

—71 

—166 

+ 4 

—36 

+ 35 

1934 

1,056 

—67 

—318 

+ 45 

+ 83 

—3 


963 
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* Table II-6 


Rainfall distribution constants — Jalgaon (unit m.) 


Year 

a ' 

b ' 

c' 

d ' 

e' 


1913-14 

904 

—146 

—230 

+ 78 

+ 12 

—9 

1914-15 

1,197 

—69 

—265 

+ 36 

—30 

—28 

1915-16 

966 

+ 78 

—90 

+ 83 

——67 

—92 

1916-17 

995 

—41 

—150 

+92 

+38 

—5 

1917-18 

778 

+ 125 

—19 

—70 

—70 

—26 

1918-19 

421 

—123 

—55 

+ 37 

—4 

—7 

1919-20 

966 

—95 

—61 

+ 1 

—44 

—2 

1920-21 

399 

—56 

—101 

+ 58 

—2 

—35 

1921-22 

928 

—156 

—183 

+ 82 

—28 

—2 

1922-23 

686 

—15 

—113 

+ 13 

—73 

—16 

1923-24 

1,014 

—32 

—285 

+ 66 

+21 

—77 

1924-25 

787 

+ 66 

—30 

+ 38 

—30 

—15 

1925-26 

526 

—83 

—126 

+ 30 

+29 

—10 

1926-27 

705 

—15 

—221 

—13 

56 

+25 

1927-28 

855 

—69 

—142 

+98 

—59 

—73 

1928-29 

787 

+ 86 

—103 

+ 24 

—41 

—39 

1929-30 

697 

—217 

—78 

+ 141 

—95 

—17 

1930-31 

1,380 

+46 

—225 

—119 

—138 

+70 

1931-32 

1,659 

+ 364 

—61 

+50 

—106 

-137 

1932 83 

937 

—35 

—248 

+45 

+23 

—11 

1933-34 

1,201 

—74 

—137 

—119 

—43 

+84 

1984-85 

1,484 

—135 

—407 

+42 

+71 

+36 

1935-36 

823 

—50 

—213 

+47 

—13 

—26 
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Table III 

Secular changes in rainfaU constants 


a' 

h' 

c' 

■ 


r 


(a) Ahola 


Mean 

• 

• 

+867-82 

—43-68 

—142-86 

+29-61 

-24-43 

— 6-03 

ic\ . 



+264-01 

+219-11 

— 0-14 

— 77-03 

—11-67 

+0-76 

A.' 

X ^ • 



+311-40 

—62-94 

-169-39 

+ 39-70 

+34-11 

+ 13-01 

x\ . 



+ 170-06 

— 46-14 

— 62-00 

-16-98 

+67-71 

+ 13-91 



• 

— 92-17 

—101-64 

-78-36 

+20-98 

+ 113-06 

+6-72 



• 

+73-20 

— 63-04 

-163-93 

+30-38 

+ 63-66 

— 2-16 

S. R. 


• 

239-9 

09-3 

73-6 

61-2 

47-9 

36-6 





(h) Jalgaon 




Mean 



+917-17 

—28 09 

-164-04 

+ 32-17 

—26-78 

1 —17*91 

*'• • 



+474-32 

+ 60-70 

—118-86 

—64-36 

—14-66 

+47*76 




+616-43 

— 46-82 

—181-62 

—6-04 

+33-82 

+26-13 




-—342-78 

— 77-10 

+ 38-62 

—20-12 

+ 68-96 

+ 19-77 




—393-98 

—178-99 

—143 - 84 

+ 74-20 

+ 89-76 

-2-86 




—237-12 

+ 87-13 

+ 69-06 

+ 48-70 

—20-61 ; 

—52-87 

S. R. 



267-0 

125-0 

86-4 

67-2 

63-5 

1 

61-4 

i 


For Akola, the mean five-day rainfall does not show any trend over the 
period of 28 years ; some of the other rainfall distribution constants, however, 
show tendencies of slow changes. For example, 6' shows an upward trend 
as indicated by its value of x\. Significant changes have also occurred in 
the rainfall distribution constants c' and e' as is seen from the values of x\ and 
x\ for c' and of x\ for e'. This shows that while the total rainfall at Akola 
has not changed over the period under consideration, its distribution over the 
season shows slight changes. The secular changes in the distribution of 
rainfall at Akola over a period of 65 years has been studied in another paper 
[8atakopan, 1636]. 

At Jalgaon the amount of rainfall shows a slight secular change as indi- 
cated by the value of x\ for cf' constant. The constant < 2 ' also shows a 
similar change. 
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The series of yields for the two stations were correlated with their respeo- 
tive distribution constants for ralnfidl to find ottt the etifect of the rainfall and 
its distribution on the yield. The correlation ooeflloients altar eliminating 
the secular changes from both the 3deld and rainfall constant stries were deter- 
mined. These coefficients together with the direct coefficients without elimi- 
nating the secular changes are given in Table IV. 

Table IV 


Correlation coefficient of yield 
with 

Akoul 


Direct corre- 
lation coeffi- 
cient 

Correlation 

coefficient 

after 

eliminating 

secular 

trend 

Direct corre- 
lation coeffi- 
cient 

Correlation 

coefficient 

after 

eliminating 

secular 

trend 

a' 

• 

• 

• 


• 

—0-078 

-0-237 


—0*292 

—0*140 

6 ' 

• 

• 

• 


• 

—O' 147 

-0-341 


—0*366 

—0*460 

c' 

• 

• 

• 


• 

0-068 

0*138 


0*003 

0*221 

d' 

• 

• 

• 


• 

0-082 

0*164 


0-164 

0*162 

e' 

• 

• 

• 


• 

-0-376 

—•0*376 


0 005 

0-024 

/' 

• 

• 

• 


• 

0-072 

0*067 


0 

0 

0-276 


It will be seen that the correlation coefficients, though small, have increased 
in many cases after eliminating the secular trend in the yield and the rainfall 
distribution constants. 

The sums of squares and products of the rainfall distribution constants 
among themselves, after correcting for the secular changes, are given in Table 
V. Fisher’s method was used to solve the six simultaneous equations to 
obtain the six coefficients of regression of the rainfall distribution constants 
on the yield separately for the two stations. In Table VI are given the 
matrices of multipliers each of which is the co-factor of the corresponding 
number in Table V divided by the value of the corresponding determinant. 

The regression coefficients of the various rcdnfall constants on the yield 
are obtained by multiplying the sums of products of yields and the rainffiU 
Constants after correcting for the secular changes, by the various figures in 
the corresponding column of the matrix of multipliers and n^ing up. 3^ 
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f egressioii equations expressing the yields in terms of the distribution constants 
for the two stations are : 

Ahoia 

r* «_0 -482 0 '+ 0-328 6' —1 -286 c'-f 1-317 d' — 3-033 e' -1-2 -067/' 

Jalgaon 

3’* « _0.149o'-+ 0-191 6' — 0-802 c' -4-1-673 d' —1 -399 e'-f 2-178/' 

Though the coefficients have different values it is interesting to note that they 
have similar signs for the two stations indicating similar relationship in gene- 
ral. 

The data for the two stations, as has already been observed, are available 
only for short periods. They may also be combined to arrive at an estimate 
of the average relationship of the yield with rainfall in the area which they 
represent. It is expected that the results, being based on a larger number of 
observations than is available at one station, will be more reliable, though 
it must be recognised that the relationship thus deduced will probably be not 
exactly representative of the situation at either of the two stations. The 
pooling of the sums of squares and products in Table V together to form a 
combined regression equation has also a limitation that if there is any extra- 
neous source of variation in yield common to the two stations in one year 
when the rainfall constants are similar it will introduce an error in the regres- 
sion formula [Hopkins, 1935]. 


Table V 

Sums of squares and products of rainfall distribution constants after correcting 

for trend 


a' 

6 ' 

e' 

d' 

e' 

/' 


o' 

6 ' 

c' 

d' 

e' 

/' 



(a) 

Akola 




+ 1266938 





+207647 

-f 262798 





—172697 

—740 

4-119196 




—42682 

—106029 

—26666 

+ 82333 



—11060 

—2988 

—44938 

+ 7808 

+60417 


+ 14833 

-f-8139 

+7332 

+26946 

+ 261 

t 29376 


(6) Jalgaon 




+ 1212281 






+238826 

+266696 





—134462 

+68306 

+ 126797 




—31634 

—34168 

—4997 

+ 76742 



—46086 

—33013 

— 41072 

+ 12887 

1-48717 


—46718 

—59804 

—16786 

—33124 

+ 8481 

-+-44868 


*T,a', b', eto. in the equations represent departures of the respective variables ttom 
their polynomial vsdues. 
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Table VI 

Matrices of mvUipUers 


a' 

b' 

c' 

d' 

e' 

r 



1 j 

(a) Akola 



4- 2 -72769 

-6-21017 

+ 7-90718 

—7-70620 

+8-43043 1 

—8-77007 

—6-21017 

+26-78191 

-20-69118 

+37-22662 

-23-90910 

+ 36-48341 

+ 7*90718 

—20-69118 

+36-78337 

—23*70642 

+ 36-72445 

-29-62666 

—7-70620 

+37-22662 

—23-70642 

+73-47607 

— 32-07296 

+67-16632 

+8-43043 

—23-90910 

+36-72446 

—32*07296 

+67-26046 

-36-70802 

—8-77007 i 

+36-48341 

-29-62666 

+ 67-16632 

—36-70802 

+97-93120 



(b) Jalgaon 



+ 1-96645 

-3-44389 

1 +4-69228 

—2-93743 

+ 4-82221 

—3*94872 

-3-44389 

+21-47110 

—10-68097 

+ 29-13231 

-13-20264 

+ 46-11634 

+4-69228 

-10-68097 

+22-29350 

—10-46298 

+ 20-81640 

—12-87640 

—2-93743 

+ 29-13231 

—10-46298 

+ 64-14781 

-23-33662 

+ 83*69136 

+4-82221 

—13-20264 

+20-81640 

—23-33662 

+ 45*10136 

-30-66014 

—3-94872 

+ 46-11634 

—12-87640 

+ 83*69136 

1 —30*66014 

+ 141-16104 

The combined regression equation obtained was : 

r=-_0-240a' —0-1006' — 0-866c' +0-939d' — 2-040e' +1-447/' 
The values of yields were then calculated for the various years using this 
regression equation for both stations. These are plotted with their actual 
values in Fig. 1. Comparatively large differences are observed between the 
actual and calculated values of yields for the years 1910-11, 1916-16, 
1919-20, 1920-21 and 1931-32 at Akola and for 1915-16 and 1917-18 at Jalgaon. 
The peculiaa* features of these years are indicated below.* 


♦ The causes of the large deviations of the calculated from the actual values can be 
grouped under two heads : {a) Effects of fewstors that have not been taken into considera- 
tion in evolving the regression equation, e.gr. November rainfall in 1910-11 at Akola. 
Heavy rainfall at Akola in November is a comparatively rare phenomenon and hence we 
have considered only rcdnfall for the period ending October 23. Unless a long aeries of 
records giving many Novembers with varying amounts of rainfall is available it is not 
possible to express the effect mathematically and include the same in the regression 
equation. (6) Effects due to the inadequate representation of the dependent variate. The 
mathematical representation of the rainfall distribution by a smooth curve has this 
natural limitation. We are fitting hero a smooth curve to an essentially discontinous 
variable m point of time. No math©i4ati<?ai fi^ictiioA vrbiQh is continuous- can take into 







consideration all the features of a rainfall distribution. As such, eft'octs such as those 
observed in the year 1915-16 at Jalgaon remain outside the scope of the regression equa- 
tion determined. 

The purpose of recording these explanations for large departairos is that the fore- 
caster who uses the regression equation may, aftc’ir deteiTnining tlie yield for any year 
from the equation, modify the value to account for such known effc'cts outside the scope 
of the equation and give the final forecast. 
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Axola 

1910 - 11 . — T his year the rains began early and were well distributed 
throughout the growing season. The &st part of the season was vwy favour- 
able but a fall of rain in the first half of November, a period which is not in- 
cluded in the regression formula, did serious damage to cotton by washing 
down many of the mature and immature bolls and flowers. 

1915 - 16 . — The records at the farm do not show any special notes except 
that weeding and hoeing operationi^ were taken advantage of fully because of 
the opportune breaks in the growing season. 

1919 - 20 . — ^This was a remarkable season for the amount of sunshine. 
There were only 26 rainy days from the 1 July to the end of September and the 
rainfall was most opportune. 

1920 - 21 . — ^This was an exceptional year. The total rain was only 10*7 
in. There was practically no rain for the rest of the cotton season after the 
first fortnight of July. 

1931 - 32 . — ^The actual yield is even lower than the calculated yield. This 
may be attributed to the abnormal continuous rain amounting to 9*7 in 
from 1 to 11 October. 

Jalgaon 

1915 - 16 . — ^During this year, the rains during the period July 14 to 
August 6 which would have adversely affected the yield under normal 
conditions (see response curve) are said to have favoured the crop due to lack 
of the usual rains up to 14 July. This probably accounts for the high actual 
yield. 

1917 - 18 . — ^Monsoon broke as late as June 28. Moreover there was 
hardly sufficient rainfall to keep crops growing till the end of August. Late 
rains saved the crop from complete ruin. 

From the r^ression coefficients six coefficients expressing the average 
benefit or loss in lb. per acre ascribable to an additional unit of the distribu- 
tion constant are determined and these coefficients when combined with the 
corresponding orthogonal functions of time give a continuous curve showing 
the average effect in lb. per acre corresponding to an additional inch of rain 
at any time during the period considered. Such curves which are called ‘ the 
response curves ’ are given separately for the two stavtions in Fig. 2 and in a 
combined form in Fig. 3. 

It is inter^ting to note that there is in general a similarity between the 
two curves for Akola and Jalgaon except towards the end of the season. Both 
the stations show an adverse effect for an additional inch of rain in the fourth 
week of May. Heavy and continuous rainfall in the latter half of July and 
the first half of August affects the yield adversely as it gives rise to weeds and 
waterlogging and delays weeding and interculture operations. Heavy rain 
at the end of September or the early part of October damages the cotton crop 
by causing the shedding of bolls. 

The combined curve confirms the observations recorded above. The 
adverse effect of rain in the fourth week of May is rather difficult to explain. 
It may be mentioned that the investigation of the effect of monthly rainfall and 
temperature on cotton yield in the districts of the Bombay province [Kalam- 
kar, Satakopan and Gopal Rao, 1936] has shown that high average maTimum 
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VI] 

temperature in May is found to have a beneficial effect on yield in the districts 
of Khandesh, Surat and Ahmedabad, which may be attributable to the fact 
that under the infiuence of the hot sun the black cotton soil ‘ ploughs itself’, 
and this exerts a beneficial effect on the subsequent crop of cotton on it. 



Similar adverse effect has been noticed in Gs^eira by Crowther [1926] 
who observes that rainfall in May and June exerts a depressing effect on the 
yield of cotton sown in the following July or August at Gazeira. He attri- 
butes it to the washing off of the nitrates formed in the soil. It may be men- 
tioned in this connection that fortnightly estimations of the total nitrogen in 
the soil at different depths in the bare plot of the Central Agricultural Meteoro- 
logical Observatory have been made regularly during the last two-and-a-half 
years. These data (unpublished) show that the first showers of the season 
do oaoise a drop in total nitrogen in the soil. This effect is probably due to 
leaching. This adverse effect has been also attributed to the possible inter- 
fereiioe with the soil cracks [Lambart and Crowther, 1935] by rainfall 
which r^uces the rate of drying off of soil and closes the sub-soil cracks, thus 
^Kteventing adequate sub-soil aeration or water penetration. 
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Significance of the dependence of yield on the rainfall constants can be 
tested by partitioning the total sum of squares as indicated in Table VII. 

It may be seen that the variances due to regression and the residual do 
not differ significantly, the multiple correlation coefficients being .B = 0*68 
and B = 0-56 respectively for the two stations. In the analysis of variance 
for the combined regression, it is seen that the ratio of the mean square due 
to ‘ regression ’ to that due to ‘ residual ’ is 2 '32 which approaches the 6 per 
cent point for this ratio, viz. 2 39 [Snedecor, 1938]. The multiple correlation 
coefficient is O' 54. It will be observed that the combination of the two series 
into one equation shows a slight improvement in the significance of the vari- 
ance due to ‘ regression ’ on account of comparatively larger number of degrees 
of freedom. 

The analysis on the whole indicates that the significance of the rainfall 
effect is not definitely established from these data at Akola and Jalgaon ex- 
tending over short periods. It is, however, interesting to note that the res- 
ponse curves showing the average effect in lb. ascribable to an additional 
inch of rain appears more or less to agree with the usual impressions of the 
cultivators as regards the influence of rain on the yield of cotton, tlug 
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oonneotion a paper on ‘ Cotton prospects on the Nagpur Agricultural College 
Farm ’ by McDougal [1935] is of interest. 

In conclusion, the authors wish to express their thanks to Dr L. A. Ram- 
das, Agricultural Meteorologist, Poona, for help in the preparation of thip 
paper. 

Table VII 


Analyses of variance 


Factor 

D. F. 

Sum of j 
squares ' 

1 

Mean 

square 

(a) Akola 

Regression 

6 

1 

1 

.334,196 1 

1 

65,699 

Polynomial 

5 

243,602 1 

1 

48,720 

Residual .... 

16 ! 

i 

645,451 j 

t 

I i 

40,341 

Total 

27 

) 

1,223,249 i 

! 

! 

45,306 

(6) Jalgaon 

1 



Regression 

6 

169,082 j 

28,180 

Polynomial 

5 

! 65,697 ! 

! 1 

13,139 

Residual .... 

11 

j 363,246 

33,022 

Total 

22 

598,026 1 

1 

1 

27,183 

1 

(c) Akola- Jalgaon (Combined) 

Regression 

6 

i 

j 

1 448,057 

1 

74,676 

Residual .... 

33 

1 1,063,918 

32,240 

Total 

39 

1,611,976 

_J 

38,769 
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(With one text-figure) 

I, Inteoduotion 

T here are three well-known methods of improving the quality of a crop — 
(1) importation and subsequent acclimatization of foreign seed, (2) mass 
or single line selection and (3) hybridization. Of these, the first method 
appears to have worked fairly well with virgin soils and a few crops, while the 
other two methods have offered scope for a wider application. Among these, 
improvement by selection is generally slow but sure in the long run ; it has 
also this quality that if improvement is desired in any one character, it may 
take place simultaneously in a few other characters which are closely linked 
to the former. Thus, the improvement by this method is generally all-round, 
with an especial emphasis on a few closely associated characters. The third 
method — hybridization — is capable, in theory, of yielding spectacular results, 
but OUT knowledge of genetics is so imperfect that examples of such successes 
are not many in practice. It is, however, possible by employing this method 
to aim at improvement, by crossing and back-crossing again and again, on a 
few selected characters. For this purpose, it is necessary that the breeder 
should have some idea of the degree of inheritance of the character or charac- 
ters which he wishes to introduce or intensify in a progeny with a view to 
improving it, and that he should also know the degree of variability of these 
characters due to seasonal or environmental factors so as to assess the true 
measure of success achieved by him in his work. 

For a crop like cotton, which is grown primarily for industrial purposes, 
the work of the breeder is intimately connected with that of the technologist, 
the object of the combined efforts of both being to develop new varieties, which 
on the one hand, should pay more to the farmers and, on the other, should 
appeal more to the spinner as compared with the old varieties. The higher 
monetary return to the grower depends partly upon good yield and ginning 
percentage and partly upon the superior quality of the cotton, while the 
spinner is mainly interested in the latter, which should enable him to spin 
finer or stronger yarns from the new variety. Now, a large number of factors 
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go to make up what is commonly, and somewhat vaguely, known as the spin- 
ning quality of a cotton, but chief among them are the mean fibre-length and 
fibre-weight per inch, the latter being a measure of its fineness. The relative 
importance of these two fibre properties, it is interesting to note, is somewhat 
different for the different groups of cotton. For instance it has been found 
that for the Egyptian cottons the mean fibre-weight per unit length plays the 
most important part [Turner, 1934] while for the Indian cottons, the mean 
fibre-length takes the ^st place among the factors determining their spinning 
quality [Turner and Venkataraman, 1934]. Another property which, though 
not so closely connected with the strength of yams into which a cotton may 
spun, has been found to have an important bearing upon their appearance and 
neppiness is the matmity of its fibres [Gulati and Ahmad, 1936]. These two 
fibre properties, namely fibre-weight per inch and maturity, are closely inter- 
related, as both owe their origin to the deposition of protoplasmic material 
within the cell-walls during the later half of the development of the fibre. 
It is, however, noteworthy that while the regular and uninterrupted supply of 
protoplasm to most of the fibres helps to increase the maturity percentage and, 
therefore, reduce the neppiness in the yarns, it simultaneously tends to increase 
the mean fibre-weight per inch, which pulls down the spinning quality of a 
cotton. Therefore, in order that the yams spun from the new varieties may 
combine good strength with a reasonable degree of freedom from neps, the 
cotton breeder, aided by the technologist, must aim at an improvement in 
staple length and must also strike a happy balance between fibre-weight per 
unit length and percentage of mature hairs. It is, therefore, essential that a 
systematic study should be made of the influence of genetical factors upon 
these three fibre properties and their response, if any, to environmental 
factors. But in such studies it is not always easy to separate the environ- 
mental from the genetical factors, which are partially ma^ed by the former. 

The present investigation provides an example of an experiment in which 
environmental and genetical factors are combined in a single field experiment, 
so that the effect of the former can ba. partially eliminated for the effective 
study of the latter. The experiment was planned and laid out at the Insti- 
tute of Plant Industry Farm, Indore. The experimental field of which a plan 
is shown in Fig. 1 comprised ten randomised blocks each measuring 44 ft. x 
24 ft. Each block contained 22 plots, out of which two plots on either side 
(north and south) were left out as non-experimentaJ areas, leaving 18 plots for 
the experiment. These 18 plots were distributed as follows : 

(1) Parent strains. Own 520, Bani cuid Mai vi .... 3 

(2) FxS, viz. Own 520 X Bani, Own 520 X Malvi, and Malvi x Bani 3 

(3) Four progenies of each F 12 

18 


Unfortunately the material from the four progenies of F^s was not avail- 
able ; consequently we have confined our experiments and discussion to three 
parent strains and their three FjS which are marked by slanting and cross lines, 
respectively, in Fig. 1. Each plot consisted of a single row of plants 24 ft. long ; 
the plant in the row being 1 ft. apart, while the space between two rows was 
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2 ft. Two plants on either side (east and west) were discarded so as to allow 
for border effects, leaving 20 plants per plot for experimental work. Since there 
were 18 plots in a block, the total number of plants was 360 per block, of which 
120 belonged to the three parent strains and their F^s. If aU the plants 
were studied individually we should have to collect material from, and make 
the tests on, 1,200 plants. However, material from all the plants was not 
available. Material from 691 plants (classified as in Table I) was received at 
the Laboratory for testing. 


run NON EXPERtMENMl PLOT 
mm nWCNT STRAINS 



Fiq. I. sketch plan of experiment 8331/36, 1. P. 
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Table I 




Distribution of samples received for testing 


Blocks 


Cotton 

1 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

Total 

Cwn 520 .... 

8 

6 

12 

8 

10 

13 

7 

6 

7 

4 

81 

Bani 

14 

16 

17 

18 

16 

14 

12 

8 

11 

16 

136 

Malvl .... 

12 

11 

13 

11 

0 

12 

6 

13 

7 

7 

100 

Cwn 520 X Malvl 

11 

12 

13 

16 

14 

13 

11 

15 

16 

18 

184 

Bani X Malvl 

14 

11 

8 

6 

10 

14 

12 

14 

18 

17 

119 

Cwn 520 X Bani 

14 

16 

10 

4 

7 

9 

13 

17 

10 

13 

121 

1 

73 

70 

73 

58 

66 

76 ) 

60 

73 1 

78 

70 

691 


It will be seen from Table I that the minimum number of plants is four 
for Own 520, block X, and Fj (Cwn 520 X Bani), block IV ; consequently, 
if we keep this number as the minimum for all the plots, the total number 
of plants available for testing would be 4x60 = 240. We have, however, 
tested the material from 120 pl^ants, assuming that two plants per plot would 
be sufficient for the study of plant- to-pl ant variation. Tfee selection of the 
material from two different plants out of the total available for each plot 
(Table I) was made completely at random. Fibre-maturity and fibre-weight 
per unit length were determined for each of the 120 samples obtained in this 
way. The measurement of the mean fibre-length and fibre-weight per unit 
length of these samples was carried out on the new stapling apparatus 
[Ahmad and Nanjundayya, 1936], while the technique described in an earlier 
publication [Gulati and Ahmad, 1935] was followed for the maturity count. 
The results obtained for these 120 samples provide the material for the study 
of: — 

(1) The genetical variation. 

(2) Variation between blocks (major environment). 

(3) Variation between plots of the same block (minor environment). 

(4) Variation between plants of the same plot (environmental and 

small genetical contribution due to strain impurity). 

II. Separation of environmental and genetical variation 

The data obtained for the individual plants for fibre-weight per unit 
length, percentage of mature hairs, and fibre-length are given in Tables A 
B and C in the appendix. The environmental and genetical factors are 
sorted out by the application of analysis of variance. For this purpose we 
construct sum and difference tables (similar to the split-plot technique) 
[Koshal, 1935]. The two values given in Table A for each plot are added and 
this constitutes the sum table (Table II), while their differences form the 
difference table (Table III). We illustrate this point by reproducing the two 
tables for fibre-weight per inch, while similar tables were also constructed, 
but are not reproduced, for the other two properties, namely mean fibre-length 
and fibre-maturity. 
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Table II 
Sum table 

{Fibre-weight per unit length) 


Blocks 

Cotton 

I 

II 

III 

IV 

V 

VI 

VII 

VITI 

IX 

X 

Total 

Own 620 . 

6-81 

4-86 

4-71 

4-80 

4*82 

5*11 

4-93 

4*60 

5*41 

4-68 

49-73’] 


Banl 

4-44 

4-33 

4-34 

4-81 

4*33 

4*38 

4*44 

4*50 

4-45 

4-32 

44*34 

►145-37 

Malvl 

614 

5-02 

4-85 

6*65 

4*90 

6-31 

4*88 

6*14 

5*23 

5*28 

61*30, 


Gwn520xMalvi . 

5-84 

4 05 

511 

4*93 

4*36 

6*58 

4-98 

5*19 

5*10 

5*31 

50*86' 


Bani X Malvi 

4*49 

413 

4-89 

4*24 

4-86 

5*23 

5*17 

4-58 

4*76 

4*60 

46*95 

-146*69 

Own 620 X Banl . 

4*50 

4-75 

507 

4*61 

4*93 

4*93 

4*92 

4*89 

4*69 

4*50 

47*79 


Total 

|29-72 1 

28*04 1 

28-97 1 

28*04 

28*20 

30*54 

1 

29*32 

28*90 

j 

j29*64 

28*69 

290*96 


Table III 


Difference table 
{Fibre-weight per unit length) 


Blocks 

I 

u 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

Gwn 620 . 

—0*23 

—0*40 

—0*16 

—0*58 

—0*14 

0 23 

—0*13 

0*24 

—0*15 

00 

t 

Bani 

0*34 

0*07 

o 

6 

—0*09 

—0*31 

*—0*62 

—0*70 

—0*24 

0*13 j 

0-42 

Malvi 

0*14 

—0*10 

0*05 

0*01 

0*22 

0*31 

—0*20 

—0*20 

— 0 *11 1 

0*42 

Cwn 620 X Malvi 

-0*16 

0*17 

—0*65 

0-53 

0-12 j 

0 04 

' 0*00 

0*15 

0*28 i 

—0*11 

Batii X Malvi 

—0*21 

0*09 

0*11 

—0*26 

0 42 ; 

0 21 

0*30 

0*16 

—0*36 ; 

0*12 

Own 620 X Banl 

—0*42 

0*05 

0*09 

—0*01 

0*31 1 

—0*05 

0*20 

0 09 

—0*31 1 

—0*28 


The 60 values comprising the sum table are analysed in the usual manner, 
to separate the effects of varieties, blocks, and plot-to-plot variation, and the 
59 degrees of freedom are apportioned as sJiown in Table IV. 


Table IV 


Preliminary analysis of variance ; fibre-weight per unit length 



D. F. 

S. S. i 

1 

M. S. 

! 

1 F 

1 


Varieties 


5 

1-754367 

0- 350873 

8*8687 

Significant (Pea 0*01) 

Blocks 

. 


0*416170 

0046130 ' 

1-1660 

Non-significant 

Plot error 

• 

45 

1*780350 

1 

0-039663 i 

' 1 



Total 

• 

69 

3*949887 1 

1 

1 

1 

1 




It will be seen that the variance due to varieties, which includes practi- 
cally the whole of genetical variatioii is highly significant, while the variance 
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due to blocks (environmental) is non-significant. The variation between 
plants in the same plot can be calculated in two ways ; — 

(1) The total sum of squares corresponding to 119 degrees of freedom is 

obtained fiom the individual plant data of Table A (Appendix) 
and from this the total sum of squares for 59 degrees of free^ 
dom given in Table IV is deducted. The balance will be sum 
of squares for variations between plants in the same plot,, cor- 
responding to 60 degrees of freedom. 

(2) The figures given in difference table (Table III) are squared and 

the resulting sum is divided by 2. This will also provide a 
check on the calculations. 

The complete analysis of variance is given in Table V. 


Table V 


Analyaia of variance ; fibre-weight per unit UngOi 



D. P. 

S. S. 

M. S. 

F. i 


Varieties 

5 

1*764367 

0*360873 

8*6603 

Signifioemt for F 






0*01 

Blocks 

9 

0-416170 

0*046130 

1 * 1386 

Non-signifioant 

Plot error 

46 

1*780360 

0*039663"! 






y0 040616 



Plant error 

60 

2*473700 

0*041228 J 



Total 

119 

6*423687 





The significance of plot error is judged from the plant error, and since 
it is non-significant, both can be combined to give 106 degrees of freedom for 
error. From this analysis it is evident that the evironmental factors (major 
and minor) are non-significant, and the major portion of the variation, being 
due to varieties, is of genetical nature. 

The results of application of analysis of variance to the data obtained 
for maturity percentages and mean fibre-length are shown in Tables VI and 

vn. 


Table VI 


Analyaia of variance ; percentage of mature hairs 



D. F. 

s. s. 

M. S. 

F. 


Varieties 

6 

839-67 

167*914 

3*624 

Significant (P«0*01) 

Blocks 

9 

368*87 

40*986 

1*026 

Non-significant 

Plot error 

46 

2469*43 

64*876"! 






U6-337 



Plant error 

60 

2396*00 

39* 933 J 



Total 

119 

6073*87 
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Table VII 


Analysis of variance ; fibre-length 



D, F. 

S. S. 

M. S. 

F. 


Varieties 

6 

1-89975 

0-37995 

68-962 

Significant (P««0-01) 

Blocks 

9 

0* 11634 

0- 012927 

2-006 

N on-significant 

Plot error 

46 

0-28998 

0-006444 

1-804 

Significant 

Plant error • 

60 

0-21425 

0-003671 



Total 

119 

j 2-52032 



1 


The relatively small influence of environment on both the fibre-weight 
per unit length and the mean fibre-length has also been recently pointed out 
by Barre [1938]. In tliis experiment 16 varieties of cotton from the same 
seed stock were grown at 14 different places across the cotton belt in order 
to study the influence of variety, soil, climate and season on their fibre proper- 
ties and spinning value. The results of one season indicate that both fibre- 
weight per unit length and fibre-length are inherited in a definite way, and that 
the influence of environment is small. 

III. Gbnbtioal variation in fibrb-wbioht per unit length, fibre- 
maturity AND FIBRE-LENGTH 

The total variability with respect to any measureable character may be 
divided into two classes, (1) Genetic variance, (2) Environmental variance. 
In a randomised block experiment, such as the one we are discussing, the main 
environmental effects are equalised between blocks, and the minor effects 
are distributed at random within blocks. For statistical purposes the various 
genetical factors may be divided into two parts : — 

(a) An additive part which reflects the genetic nature without dis- 
tortion, and 

\6) the non-additive part which represents the deviation from the 
direct effects of the different Mendelian factors. This non- 
additive interaction of the genes is designated as ‘ epistacy ’ 
by Fisher [1918]. 

We shall consider in this section the genetical variance in relation to the 
three fibre properties and the appropriate method for the evaluation of the 
various genetical factors. 

There are three parent strains, Own 520, Bani and Malvi. The first 
question which arises is : Which of these varieties gives the best results on 
crossing ? If A, B and C represent the set of genes in the parent strains, res- 
ponsible for fineness, then a comparison^ such as 

(2AA+AB+AC)— (2BB-|-BC-fAB) 

• These formulsB were kindly suggested to one of us (R. S. K.) by Prof. R. A. Fisher, 
F.R.S., during his visit to India (January 1938). 
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will enable us to find out whether A is better than B or vice versa, while the 
variance contributed by this factor would be [(2AA-|-AB-j~AC) — (2BB-|-AB-|~ 
BC)]* -^200. We are now left with the third variety C which can be compar- 
ed with the average effect of A and B. This is given by 

(4CC+AC+BC) — (2AA4-2!KB -|-2AB), while the variance con- 
tributed by this factor is given by 

[(4CC-4-AC -1-BC) — (2AA-j-2BB-|-2AB)3*-T-600. 

These two factors may be designated as ‘ genetic 

In the present investigation fibre tests were made on 20 plants for each 
of the three parent strains and their first cross progenies, consequently, AA, 
BB, etc. represent the totals of 20 tests. The divisor for calculating the 
variance due to each factor is obtained by multiplying the suni of squares 
of the coefficients of AA, BB, etc. by 20. Thus the figures 200 and 600 are 
calculated as follows : — 

(22 +1 -f 22 +1) X 20 = 10 X 20=200. 

(42 +1 -f 1 +22 +22 +22) X 20=30 X 20=600. 

In addition, we can compare the performance of the three parent strains 
with their F^s ; this may be done by evaluating the expression 

AA+BB — 2AB, 

i.e., double the value of each cross is compared with the sum of the performance 
of the two parent lines. If this expression yields a negative result, it is 
heterosis or hybrid vigour. In some species and in some characters it may 
happen that these comparisons give predominantly negative results ; in such 
cases their total contribution constitutes a single comparison for heterosis, or 
as it is sometime called ‘ dominance bias.’ In the present example- this 
effect is measured by 

AA+BB— 2AB 
+ AA + CC — 2AC 
+BB+CC— 2BC 

and the variance contributed by this factor is obtained by dividing the square 
of this value by 480. 

The figure 480 =22 X 6 X 20, since the above expression can be put in the 
form (2AA+2BB-1-2CC— 2AB— 2AC— 2BC) 

Now the only other genetical factor left is the manner in which interaction 
takes place between the different genes. This is spoken of as ‘ epistacy 
The three factors, which contribute to it, are 

AA+2BC, 

BB+2AC, 

CC-t-2AB, 

and the sum of squares contributed by the two degrees of freedom correspond- 
ing to epistacy are 

[(AA-f2BC)*+(BB+2AC)*-[-{CC+2AB)]*-rl00 
— [AA+BB-t-CC+2(AB-[-AC-f-BC)]»-^300 
The divisors 100 and 300 are obtained as follows : — 

(1 +2*) X 20=5x20= 100 
(1+1+1 +2* +2« +2*) X 20 = 15 X 20=300 
We can consequently divide the five degrees of freedom for varieties as 
shown in Table VIII. 
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Table VIII 


Oeneiical factors ; fibre-weight per unit length 



D. F. 

S. S. 

M. S. 


Genetic .... 

2 

1-697043 

0- 84852** 

Significant (Pe=0-01) 

Epistatic .... 

2 

0-066920 

0-02846 

N on-significant 

Heterosis .... 

1 

0-000404 

0-000404 

Do. 


5 

1-764367 




Thus all the genetical variation is explained by the two degrees of freedom 
set apart for ‘ genetic the contribution of the other two factors, epistacy and 
heterosis being entirely non-significant. We shall, therefore, concentrate 
our attention on this factor only. Since there are three parent strains, the 
two degrees of freedom can be further broken up into single degrees of 


freedom in three 

(a) A B . 

C V8. A and B • 

ways : 

D. F. 

1 

1 

Variance 

1-077512** 

0-619631** 

Significant (P=:0-01) 
Significant (P = 0-01) 


Total 

• 

1-697043 


(6) A w. C . 

B V8. A and C 

• 

1 

1 

0- 026450 

1- 670593** 

Non-significant 
Significant (Pa® 0-01) 


Total 

• 

1-697043 


(c) B C . 
Avs.B and C • 

• 

1 

1 

1-441602** 

0-255441 

Significant (P=*0-01) 
Non -significant 


Total 

• 

1-697043 



The results show that out of the three varieties Bani not only possesses 
distinctly lower fibre-weight per unit length, but also its crosses with either 
of the other two varieties are finer than the other cross. It is further interest- 
ing to note that the same conclusions apply to Bani v ith respect to fibre- 
length and fibre-maturity. Thus, Bani is the most satisfactory among 
these three varieties for producing crosses which should combine good staple 
length with fineness and maturity of hair. As regards the c»ther two cottons 
analysis shows that there is nothing much to choose between them in this 
respect. 

The analysis of genetical factors for percentage of mature hairs and mean 
fibre-length is given in Tables IX and X. 
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Tabus IX 

Oenetical factors ; percerUttge of mature hairs 
D. F. S. S. M. S. 

Qenetio .... 2 411 *01 206-61* Signifksant (Pi^O’OS) 

Epistatio .... 2 216 -23 107*62 Non-signifioant 

Heterosis .... 1 213*33 213*33* Significant (i**B0*06) 

839*67 

Table X 


Oenetical factors, mean fU>re-length 



D.F. 

S. S. 

1 

I M. S. 


Genetic .... 

2 

1-77064 

0*88632** 

Significant {Pms0*0l) 

Epistatic . . • • 

2 

0-01441 

0*00721 

Non*8ignificant 

Heterosis .... 

1 

0-11470 

0*11470** 

Significant (P««0-01) 



1-89975 




It will be noticed that both for fibre-maturity and length, in addition to 
genetic comparison, heterosis is also significant, showing that the hybrids 
possess a tendency to produce fibres which are on the average maturer and 
longer than those in the parent strains. It is interesting to note that for all 
the three fibre properties studied in this investigation the efiect of epistacy 
is small and non-significant. We may, therefore, conclude that the major 
portion of genetic variation is capable of being explained by the direct addi- 
tive effect of the genes. 

IV. Fubthbk study of hbtbbosis 

In the preceding section we found definite evidence for the existence of 
heterosis with respect to percentage of mature hairs and fibre-length. We 
shall now study this point in greater detail. If we represent the three parent 
strains, Malvi, Bani and Own 620 by M, B and o, we can denote the various 
crosses as under : — 

Cross Symbol 

Malvi X Bani Fj uxs 

Own 620 X Malvi P, 

Own 620 X Bani S*! cx b 

The average of the two parent strains may be indicated as A ; thus 
A M X B with respect to any character would represent the average value of the 
two parent strains m and b. 
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Now, when two parent strains are crossed, there are in general three 
possibilities with respect to any measurable character : — 

(1) The hybrid may be greater than the lower parent, but lower than 

the average of the two parents. 

(2) It may be greater than the average of the two parents, but lower 

than the higher parent. 

(3) It may be greater than either of the two parents. The last case is 

generally spoken of as heterosis or hybrid vigour. 

Comparisons made along the lines indicated above are given in Tables 
XI and XII. We will first consider fibre-maturity. 

Table XI 


Heterosis in fibre-maturity 


Iffalvi X Bani 

. F^mXB— M «2-7±215 

FjlIIXB— B 0-7±215 

FiMxB— Amxb- 10±1-86 

N on-signifioant 
Non>significant 
Non-signifioant 

Cwn 520 X Bani 

. FiOXB — 

«3*2±215 

Non-significant 


F^ 0 X B — 0 

«8*2±215 

Significant 


Fj 0 XB — OXB 

«6*7±l-86 

Significant 

Own 520 X Malvi 

. F, c xm — 

*006i-215 

Non-significant 


F, 0 XM— C 

«2-2 ±2 16 

Non-significant 


F, c X — OXM 

-1*4 ±1*86 

N on-significant 


We obtain some interesting results from Table XI. When Malvi and 
Own 520 are each crossed with Bani, we get two Fjs. Of these, F^kxs 
gives a higher percentage of mature hairs than the average of the two strains, 
but the increment is non-significant. On the other hand, the cross F^ oxb 
gives a higher percentage of mature hairs than either of the two parents, but 
the increase over the higher parent is non-significant. 

The third cross Fj oxb, like F^ mxb, is not significantly different from 
the average of the two parent strains in respect of fibre-maturity. Thus, 
the average heterosis described in the previous section is due mainly to the 
cross between Own 520 and Bani. The same conclusion is obtained if we 
adopt the more general definition of heterosis and measure it by comparing 
twice the value of each cross with the sum of the values for the two parent 
lines. 

We will now consider mean fibre-length. 

Table XII 


Heterosis in mean fibre-length 


Malvi X Bani 

• Fj mxb — 

F, MxB — 

Fi MxB — A MXB 

»0-22i0 026 
«_0 04±0 025 
=«_0.09±0 022 

Significant 

Non-significant 

Significant 

Own 520 X Bani 

• C X B — B 

=_0 13rb0 026 

Significant 


F, Cy 1! C 

=0-22±0-026 

Significant 


F, Oxb — ^A OXB 

-0-04±0 022 

Nou-significant 

Own 520 X Malvi . 

. FjOxm — ^M 

«001±0 025 

Non-significant 


Fi OxM-— 0 

=»0 I0±0 025 

Significant 


Fi ox^ — OXM 

-0 06 ±0*022 

Significant 
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It will be seen from Table XII that noiie of the ciosses gives significantly 
higher length than both the parent strains, though in each case the cross is 
significantly longer than the lower parent, while in two cases, namely Fj mxb 
and Fj o X M the mean length of the cross is not significantly different from that 
of the higher parent. There is thus evidence of a pooling of hereditary factors 
with the result that the combined effect is better than that which either can 
produce alone. This is confirmed by calculating heterosis from the general 
equation involving both the parent lines : — 

M + B— 2FiMxB — 0 086±0018 .... Significant 

B-fC — 2FiBxc =. — 0-046i:0*018 .... Significant 
M + C— 2FiMX0 =— 0 053±0*018 .... Significant 

Thus all the three crosses show evidence of hybrid vigour although it is 
more pronounced for the two crosses, Fj mxb and F^ mxo, for which the 
negative differences are significant even for one per cent point. 

V. Inter-relation of fibre-weight, fibre-maturity and fibre-length 

Table XIII shows the result of applying analysis of variance and 
covariance to the three fibre properties studied in this investigation with a 
view to finding out the inter-relationship between them. 

Table XIII 

Inter-relationship between fibre-weight, fibre-maturity and fibre-length 



D. F. 

rmu) 

Tml 

riw 

Varieties 

4 1 

—0-6092 

0*7313 

—0*8829* 

Blocks 

8 

— 0 1772 

—0*1298 

—0*2179 

Plot-to-plot 

44 

0-4624** 

0*1861 

—0*3631* 

Plant- to- plant 

59 

0-5198** 

0*2689 

—0*1096 


The following conclusions are drawn from Table XIII : — 

(J) Between fibre-maturity and fibre-weight. — The correlation between 
plants within the same plot is highly significant, indicating that, regardless of 
any variety, samples with high fibre-maturity are usually associated with 
high fibre-weight per unit length or, in other words, mature fibres are generally 
coarser for all varieties of cotton. The correlation is -|-0-520, which agrees 
fairly well with the value -f0*595 found by Gulati and Ahmad [1935] for the 
32 Indian cottons studied by them. 

(2) Between fibre-length and fibre-weight. — The correlation for varieties 
is significant, i.e. cottons liaving long staple usuaUy have low fibre-weight 
per unit length. This relationship, however, need not necessarily hold good 
for strains belonging to the same variety, for when the effect of varieties is 
removed, the correlation 0* 1(396 for plants within the same plot is small 
and non-significant. This shows the existence of differential response among 
different varieties in this respect. This confirms the results of an earlier 
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investigation on cottons of different botanical species carried by Iyengar and 
Turner [1930]. They found that while among the hirautum cottons, fibres of 
longer length generally possessed low fibre-weight per inch, the fibres of 
heriaceum, neglectum and indicum cottons do not generally show any such 
change of fibre-weight with fibre-length. 

Summary 

• 

This paper describes the results of an investigation undertaken with the 
object of studying the inheritance of three fibre properties, namely mean 
fibre-length, fibre-weight per unit length and fibre-maturity, which are known 
to have a considerable effect on the quality of yarn spun from a cotton. The 
tests were made on samples of three parent strans, namely Cwn 520, Bani 
and Malvi and their grown in a randomised block experiment in the same 
year at the Institute of Plant Industry, Indore. 

From the preliminary analysis of variance it is found that the major por- 
tion of the observed variation is due to varieties and is of genetical nature, the 
variance due to blocks being small and non-significant. In order to study this 
genetical variation in greater detail, the variance for varieties was split up into 
three parts representing (1) genetic, (2) epistacy and (3) heterosis. Further 
analysis showed that for fibre- weight per unit length, greater part of the 
variation is of genetic origin, the effect of other two factors — epistacy and 
heterosis — being non-significant. For fibre-maturity and fibre-length, however, 
heterosis, in addition to genetic comparisons, is also found to be significant, 
showing that the hybrids possess the tendency to produce, on the average, 
larger number of mature and longer fibres than the parent strains. Further 
study of heterosis indicated that the cross Cwn 520 x Bani gave significantly 
higher maturity than the mean of the parents, while in the other two crosses, 
although the maturity values were higher than the mean of the two parents 
the differences were not significant. As against it, all the hybrids showed 
that there is evidence of the existence of heterosis in fibre-length, for each one 
of them gave significantly higher mean fibre-length than the mean of the two 
parents. 

In order to find out which variety gives the best results on crossing, a 
comparison study was made for tlie parents and their first cross progenies. 
If A, B and C represent a set of genes, characteristic of the parent strains,' n 
respect of any one fibre character, the expression 

( 2AA + AB + AC ) — ( 2BB + BC + AB ) 
would enable us to say whether or not A is better than B. On ap})lying this 
method to the three fibre properties it \ras found that Bani gave significantly 
higher fibre-length aiid fibre-maturity, and lower fibre-weight than the other 
two varieties. Among the two crosses of Bani, the one with Malvi is longer 
and finer than that with Cwm 520. It is suggested tiiat Bani should be crossed 
with other suitable varieties to find out where the shufiling of useful characters 
occurs to the best advantage for the improvement of quality. 

By the application of analysis of covariance two interesting correlations 
which confirm the previous findings were obtained ; — 

(1) Correlation between fibre-maivrity and fibre-weight . — The correlation 
for plants within the same plot is positive and significant, indicating that, 
regardless of any variety, mature fibres are generally coarser. 
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(2) Corrdation between fibre-length and fibre-toeigkt per unU length . — 
The correlation for yarieties is negative and significant, but for plants within 
the same plot, it is non-significant. This shows that fibres of longer length 
of all cottons do not generaUy give less fibre-weight per unit length, indicating 
that a differential response may exist among varieties in this respect. 
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APPENDIX 

Expebimbntal data fob the thbee fibbe-fbofebties 

Table A 

Fibre-weight per unit length (10 — • ) 


Blocks 

I 

II 

III 

IV 

V 

VI 

VII 

VHI 

IX 

X 

varieties 











Own 620 . 

840-12 

2-79 

840-10 

2*23 

840-7 

2*28 

840-1 

2*11 

840-3 

2*34 

840-4 

2*67 

840-4 

2*40 

840-7 

2*42 

840-3 

2*68 

840-13 

2*06 


840-18 

3 02 

840-17 

2*63 

840-15 

2*43 

840-9 

2*69 

840-8 

2*48 

840-16 

2*44 

840-12 

2*58 

840-19 

2*18 

840-12 

2*78 

840-18 

2*68 

Bani 

838-2 

2-89 



838-2 

2*36 

838-3 

2*11 

838-1 

1*88 

839-11 

1*84 

839-3 

2*13 

839-15 

2*29 

839-3 

2*87 


838-10 

206 

838-16 

2*13 


838-10 

2*45 

838-13 

2*22 

838-13 

2*50 

839-14 

2*60 

839-19 

2*37 

839-17 

2*16 

839-8 

1*95 

Malvi 

835-4 

264 

836-14 

2*46 

835-9 

2*45 

835-5 

2*78 


835-1 

2*81 

835-11 

2*84 


835-5 

2*56 

836-6 

2*85 


835-5 

2 50 

836-20 

2*66 

835-12 

2*40 

835-16 

2*77 



835-17 

2*54 


835-18 

2*67 

836-10 

2*48 

Cwn620xMalvi 

860-7 

2*59 

856-11 

2*66 

858-6 

2*23 

855-2 

2*78 

854-8 

2*24 

852-3 

2*81 

857-0 

2*49 

851-6 

2*67 

853-1 

2*69 

859-4 

2*60 


860-10 

2*76 

856-13 

2*39 

858-11 

2*88 

855-8 

2*20 

854-18 

2*12 

852-9 

2*77 

857-15 

2*49 

851-14 

2*52 

853-17 

2*41 

859-9 

2*71 

BanixMalvi 

862-6 

2*14 

867-12 

2*11 


861-4 

1*99 

869-8 

2*64 

870-2 

2*72 

868-4 

2*78 

865-14 

2*87 

863-14 

2*20 

804-2 

2*86 


862-9 

2*35 

867-17 

2 02 

866-13 

2*39 

861-20 
2*26 1 

869-18 

2*22 

870-18 

2*61 

668-16 

2*89 

865-18 

2*21 

863-19 

2*56 

864-20 

2*24 

Cwn 620 X Bani 

847-1 

2*04 

849-17 

2*40 

845-16 

2*68 

842-5 

2*30 

848-7 

2*62 

850-5 

2*44 

841-2 

2*56 

844-3 

2*49 

846-7 

2*19 

843-5 

2*11 


847-11 

2*46 

849-19 

2*35 

845-19 

2*49 

842-15 

2*31 

848-19 

2*31 

850-20 

2*49 

841-18 

2*86 

844-6 

2*40 

846-8 

2*50 

843-15 

2*89 


Figures In UatieB Indicate the progeny and plant numbei 
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Table B 

Percentage of mature hairs 


Blocks 

1 1 

11 

^ in 

IV 

V 

VI 

VII 

VIII 


X 

Varieties 











Own 620 . 

Ho-n 

840-10 

840-7 

840-1 

840-3 

840-4 

840-4 

840-7 

! 

840-8 

840-18 

80 

68 

67 

41 

72 

7« 

76 

61 

74 

54 


840<‘18 

840-17 

840-16 

840-9 


840-16 

333-12 

840-19 

333-12 1 

840-18 


79 

63 

62 

66 



71 


77 ! 

76 

Bani 

888-7 

888-6 

889-10 

888-9 

882-8 * 

888-1 

333-11 

333-3 

889-16 

889-8 

78 

76 

78 

77 

74 ! 

I 76 

40 

70 

81 

72 


888-10 

888-16 

889-20 

888-10 

333-13 1 

333-13 

889-14 

889-19 

333-17 

333-3 


74 

71 

69 

85 

1 77 


68 

79 

80 

1 65 

Malyi 

888-4 

886-14 

886-0 

886-6 

337-7 

886-1 

886-11 

887-1 

333-3 

333-3 

60 

61 

68 

65 

79 

68 

60 

77 

72 

76 


886-8 

886-20 

886-12 

886-16 

887-14 

886-11 

333-17 

887-6 

886-18 

880-10 


67 

72 

68 

77 

71 

70 

60 

78 

67 

65 

Cwn 520xMalvi 

860-7 

866-11 

868-6 

866-2 

I 864-8 

332-3 

867-9 

861-6 

333-1 

1 333-3 

69 

66 

75 

74 

78 

78 

58 

74 

70 

71 


860-10 

866-18 

868-11 

866-8 

i 864-18 

862-9 

867-16 

861-14 

863-17 

333-3 



68 

69 

63 

68 

67 

72 

72 

70 

; 74 

Bani X Malvi 

862-6 

867-12 

866-11 

861-4 

333-3 

870-2 

333-3 

333-13 1 

863-14 

i 333-2 

' 71 

73 

71 

64 

75 

70 

72 

78 

70 

1 73 


862-9 

867-17 

866-18 

861-20 

869-18 

870-18 

868-16 

866-18 

863-19 

1 333-23 


76 

76 

72 

72 

67 

76 

67 

72 

74 

! 74 

Cwn 620 X Bani 

847-1 

849-17 

846-16 

842-6 

333-7 

860-6 

841-2 

844-3 

846-7 

; 333-3 

64 

85 

84 

76 

87 

67 

86 

79 

69 

77 


847-11 

849-19 

846-19 

842-16 

848-19 

860-20 

841-18 

844-6 

846-8 

, 333-13 


78 

1 

80 

80 

66 

68 

70 

70 

71 

80 

. ” 


Figures in Ualiot indicate the progeny and plant number 


Table C 


Fibre-length {cm.) 


Blocks 

^'"Varieties 

I 

11 

III 

IV 

V 

VI 

VII 

i 

vm 

1 1 

IX 

X 

Cwn 520 . 

840-12 

1-62 

840-18 

1*60 

840-10 

1-74 

840-17 

1-77 

1 

840-7 

1-68 

333-13 

1*71 

840-1 

1-60 

840-9 

1*72 

840-3 

1-68 

333-3 

1-64 

840-4 

1-75 

333-13 

1-68 

333-3 
1*79 1 
840-12 
1-80 

1 

i 840-7 ! 
1-77 

1 840-19 \ 
' 1-74 i 

840-3 

1-71 

840-12 

1-74 

840-13 

1*72 

333-13 

1-75 

Bani 

888-2 

2-10 

888-10 

2-08 

333-3 , 889-10 
2-06 1 2*14 

333-13 < 889-20 
2*19 ! 2*06 

333-2 

2-09 

838-10 

2*06 

838-3 

2 05 
838-13 
2-04 

838-1 

2-17 

838-13 

2-04 

839-11 

1-94 

1 839-14 

i l ! 

839-3 
\ 2-03 

839-19 
1-09 

839-16 

2-14 

839-17 

1-95 

839-3 

2-07 

839-8 

2-08 

Malvi 

333-3 

1-78 

333-3 

1-66 

886-14 1 886-9 

1*71 1*82 

886-20 886-12 
1-81 1 1-60 

333-3 

1*72 

836-16 

1-81 

837-7 
1*87 ! 
837-14 
1-91 I 

836-1 ! 
1*76 1 
836-11 ' 
1-86 

! 836-11 

1 1-88 
836-17 
\ 1*84 

837-1 

1-80 

837-6 

1-90 

836-6 

1*76 

836-18 

\ 

836-6 

1*73 

836-10 

1-76 

Cwn 620 X Malvi 

860-7 

1-67 

860-10 

1-69 

866-11 
1*74 
866-13 \ 

1-88 j 

! 333-3 

1*92 
868-11 
1*70 

866-2 

1 1*80 
866-8 
1*87 1 

864-8 

1-91 

333-13 

1*89 

862-3 

1*79 

862-9 

1-82 

857-9 

1*83 

869-16 

1-83 

861-6 

1 1-89 

: 861-14 

1 1-88 

863-1 1 869-4 

1-78 1 1-78 

1 863-17 1 869-9 

1 1*82 j 1-68 

Bani X Malvi . 

862-6 1 
1-94 
862-9 
1*97 


1 866-11 
t 2*03 

1 866-13 
; 2*01 

331-3 

1- 99 1 
331-23 1 

2- 00 

869-8 

2-05 

869-18 

2-01 

870-2 

1-89 

870-13 

201 

868-4 

2 09 
868-16 

2 02 

866-14 ! 863-14 

2 00 i 2-08 

866-18 863-19 

! 2-15 i 1-91 

864-2 

2-07 

864-20 

2-00 

Cwn 620 X Bani 

S47-1 

1-82 

ur-ii 

1-86 

849-17 

1*97 

849-19 

1*94 

i 

846-16 

1*91 

846-19 

1*78 

842-6 

1*94 

842^15 

1-84 

333-7 

1-74 

333-13 

1-85 

850-6 

2-02 

860-20 

2-00 

841-2 1 844-3 

2 01 1 2 05 

841-13 { 844-6 

1-97 1-94 

846-7 

1- 98 
846-8 

2- 02 

843-5 

1-06 

843-16 

2-07 


Figures in ilalici indicate the progeny and plant number 
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I. SOIL SURVEY AT THE GOVERNMENT ORCHARD, CHAUBATTIA : 
FORMATION OF GENETIC GROUPS 

BY 
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Agricultural Chemist to Government^ United Provinces 

AND 

N. K. DAS, M.Sc., Assoc. I.A.R.I. 

Research Assistant Soil Chemist 
(Received for publication on 6 February 1940) 

(With Plate XLV) 

I. General 

T he HilliS of Kumaun division forming a part of the southern outer spurs 
of the Himalayas comprise three districts of the United Provinces — 
Alrnora, Garhwal and Naini Tal. Beginning from the snowy range, this 
division consists of a succession of ridges of decreasing heights southwardly. 
These hills contain very little level land. Cereal crops are cultivated on 
terraced hill slopes, parti(;ularlv where factors such as height, situation and 
irrigation facilities are favourable. In addition to these crops, the suitability 
of some of the tracts for fruit cultivation has been established with the result 
that a very large number of fruit orchards have developed in recent years on 
commercial lines for temperate fruits like apples, ])ears, peaches, cherries, 
plums, strawberries, etc. No quantitative data are, however, available on 
the suitability of the different types of hill soils for different fruit trees, 
nor are there any quantitative data correlating the soil conditions with the 
incidence of diseases and pests. The importance of knowing the soils 
intimately is felt all the more as, these hill soils being mostly primary in 
origin, a knowledge of the nature of the major soil-forming processes and 
development of the diverse soil types is a feature of fundamental importance 
to the fruit growers of these hills. 

In India, no systematic work on hill soils, specially from a pedogenic 
point of view, has been reported so far. The work reported by Mann [1933] 
on the tea soils of Assam hills was merely an analytical evaluation of those 
soils in regard to their crop-bearing capacity. The applied science of pedo- 
logy is still in its infancy in India. Credit must therefore go to Basu and 
Sirur [1938] for the first and the most systematic pedogenic study of the canal 
soils of Bombay. Pedological studies for the mountain soils in other (countries 
too have not been at all as numerous as for plain soils. Zokharov [1927] in his 

* The researches foiling the subject matter of this publication were carried out in 
the Soil Chemistry Section at Chaubattia (Kiunaim) under the Hill Fruit Research 
Scheme financed by the Imperial Council of Agricultural Research (India), 
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remarkable treatise on pedology was the first to recognize the following four 
types of soil formations in the mountains : Mountain steppe, mountain forest, 
mountain meadow and mountain tundra soils. Mountain forest soils which 
are of interest to us were divided into four groups, depending on the colour of 
the soils. But analytical figures revealed that the differences were not funda- 
mental, and all the groups were podsolic. Various other investigations, not- 
ably by Neustruev [1915], Akimzev [1930] and Throp [1931], have dealt with 
the vertical zonality of the mountain soils as the counterpart of the horizontal 
zonality of the soils in the plains. Alpine soils discussed by Jenny [1930] fit 
in well with Zokharov’s mountain meadow soils. Besides these, considerable 
information is available on the general nature of the mountain soils. 

The investigations reported by Jenny [1920], Vilenski [1930], Robinson 
and Wasowicz [1935], to name only a few, illustrate the development of moun- 
tain soils under varied conditions. Jenny [1926] has observed that 80 per 
cent of alpine soils developed on calcareous material are acidic. It is clear 
that although the general nature of hill soils is known, a detailed knowledge 
of the soil-forming processes and soil types under various topographical and 
geological conditions have not yet been thoroughly investigated. For instance 
it has b^en shown by Kellog [ 1930] that local soil variations may be consi- 
derable within the region of a particular soil zone in the plains, but this ques- 
tion has not however been investigated with reference to the hill oils. 

In India and elsewhere hill soils have been studied in some detail from 
erosion point of view. But in jnost cases these investigations have been 
directed to elucidate the relationship between erodibility and forest vegeta- 
tion. It is only in the U. S. that attempts are being made to study soil 
profiles in their relation to erodibility. In India considerable work, particu- 
larly in connection with afforestation ]K)licy and controlled grazing [Gorrie, 
1937], has been done in the hills, but the nature of hill soils from the point of 
view of erodibility has nowhere been investigated. The observations made 
ill the U. S. A. by Bennett [1926], Middleton [1932], Baver [1933], Lutz [1934] 
and Bouyoucos [1935] make it clear that the soil properties, such as structure, 
texture, plasticity, etc. are directly responsible for the high erodibility of some 
soils ; whereas Lowdermilk [1930] and ^Miller [1931] associate erodibility with 
definite soil types. The advantage of terra<*ing hill slopes to decrease run-off 
and conserve soil moisture [Raniser, 1933] have been indicated ; but whether 
topographically immature hill soils, particularly those situated along steep 
slopes, can be profitably utilized by terracing have not been thoroughly 
investigated. 

To elucidate these points a detailed soil survey of the f Jovernment Orchard 
at Chaubattia was thought to be highly desirable. Accordingly a scheme of 
survey was taken up about six years ago with the double object of : 

(i) Studying the relationship between soil conditions and differential 
behaviour of various fruit trees, stock and varieties with a viev 
to be able to advise with confidence the eoinmercial orehardists 
of Kumaun on the planting of new orchards, or, if necessary, 
relaying of old orchards ; and (ii) ascertaining vhether there is 
any clear-cut relationship between soil conditions and the 
incidence ot diseases and pests. ' • 
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The present contribution aims at recording the formation of soils at 
Chaubattia under unterraced natural conditions. Chaubattia is situated at 
29|° N. Latitude and 79^° E. Longitude and the height above sea-level varies 
from 6,100 ft. to 6,900 ft. The soils studied lie on the northern face of the 
Chaubattia hills overlooking the distant perpetual snow-topped Himalayan 
ranges of Nanda Devi, Trisul and Nanda Kud. 

Table I 

Monthly weeUher record at Chaubattia 



Temperature (®F.) 



Month 

Maximum 

Minimum 

Humidity per 
cent at 

8 A.M. 

BainfaU 

(in.) 

January 

49-36 

37*42 

87 

4*64 

February 

60-66 

37*32 

83 

3*66 

March 

66*26 

49*68 

66 

0*08 

April 

74-18 

66*83 

49 

0*08 

May 

76*90 

70*22 

69 

1*82 

June 

72*88 

61*00 

81 

11*40 

July 

71-62 

62*00 

98 

19*38 

August 

72-13 

61*42 

96 

14*60 

September 

73-00 

68*76 

91 

1*22 

October 

68-96 

63*28 

76 

0*40 

November 

69-30 

42*67 

76 

. • 

December 

69-34 

42*90 

79 


1 

Total annual rainfall 

67-08 


Histobv of Ohaubattia 

The Government Orchard at Chaubattia was started in the year 1870 
with about 40 acres of land given to the growing of temperate fruits. Sub- 
sequently more lands were brought under cultivation and at present it consists 
of a cultivated area of 100 acres. The hill slopes for the greater part of the 
orchard have been terraced. Contour planting has been done in certain parts 
of the orchard after clearing the forest lands about the year 1924. The present 
contribution deals with this part of the orchard, where pedogenic processes 
have not been distorted by terracing operations. These slopes are always 
under grasses, and fruit cultivation is done by contour planting. 
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Table II 

Soil temperature — morMy averages (soil type — brownish loam) 


Month 


Temperature (®C.) 


' 4 in. depth 

j 

6 in. depth 

12 in. depth 

January 

4*52 

6-38 

6-77 

February 

4*70 

5-66 

6-67 

March 

10-76 

11-66 

12-31 

April i 

16-65 

17-46 

18-01 

May 

13-06 

20-20 

21-06 

June 

19 04 

19-73 

20-69 

July 

16-14 

19-83 

20-33 

August 

19-48 

20-00 

20-60 

September 

18-13 

18-87 

20-28 

October 

14-98 

16-02 

18-20 

November 

9-68 

10-73 

13-20 

December 

7-58 

8-15 

10-41 


CUBfATB 


No systematic meteorological records of Chaubattia are available prior 
to the year 1935. The records of maximum and minimum temperatures, 
humidity and rainfall for 1938, supposed to be one of the normal years, are 
given in Table I. Winter rains, accompanied sometimes with snow , are usually 
confined to the months of January and February. There are about two to 
three snow-falls every year and in some years rains start early in the month 
of December. The months of March, April, May, October and November are 
usually rainless. Chota barsat (local rainfall) in May heralds the advent of 
monsoon a month earlier, and July and August are the wettest months in the 
year. It is usual to find frost every morning from November till the middle 
of February, and in shady places a thick matting of this remains throughout 
the winter months. The maximum temperature of 85°F. is recorded in the 
month of May with a minimum temperature of 23°F. in the month of January. 
There are two rises every year in maximum temperatures. The highest rise 
is recorded before the monsoon and the second rise takes place after this 
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sometime in September. There are similarly two rises in soil temperatures 
before and after the monsoon. 

During the monsoon, although the temperature of the sub-soil at a depth 
of one foot remains fairly constant, the surface soil experiences some minor 
fluctuations. With the advent of frost in the month of November the soil 
temperature goes down considerably and snow and rain keep the temperature 
at a low level till the end of February. The trend of the average soil tempera- 
tures at different depths will be clear from Table IT. 

Grass vegetation along hill slopes gets fuUy established after the light 
shower (chota baraat) in May and consequently the worst effect of heavy mon- 
soonic downpour in July and August, sometimes 6 in. in a single day, are 
partly counteracted. This natural agency is not to a small degree responsible 
for the preservation of soil in these hill slopes in spite of intensive land utiliza- 
tion practices. But along steep slopes extremely deep erosion gullies have 
been formed on account of the indiscriminate destruction of forests for agricul- 
tural purposes. The southern slopes of these hills are on the average warmer, 
where some of the typical tropical plants like mangoes, guavas, etc. are 
grown with success. 

Vbobtation 

The forest vegetation of the locality chiefly consists of different species of 
Quercua (oaks) and Pinua longifolia. The oak prefers a humid locality of 
undulating type, not very steep, while the pine thrives best in dry localities 
and grows even on mantle rock surfaces. Among the minor forest arboreal 
flora, mention may be made of the following : Rhododendron arhoreum 
(Smith), Pieria ovallfolia (Don.), Myrica aapida, Pyrtis pashia (B.Ham.), Prunua 
puddum (Roxb.), Aeaculus hippocdatanum, Cednis deodara and Gupreasua sp. 

The undergrowth which is mostly confined to oak forest mainly consists 
of different species of the following genera : — Rhnbua, Cratagua, Herberis 
Daphne, Rosa moschata (Mill), Indigo-fera, Vibernum and Myraine africana L. 
There is very little, if any, undergrowth oF importance under pine forest. 
Probably this is the reason for the local belief that an ideal site for an orchard 
is the locality where oak predominates and the site of a pine fores should be 
avoided as far as possible. It has been found that the depth of soil in a pre- 
dominantly pine forest hardly reaches a foot, whereas brown and podsolic 
soil formations are usually met with in the oak forests. 

The grasses and weeds met with in cleared forest lands belong to the 
following groups : — Imperata cylindrica, Oenothera biennia^ Oenothera roaea 
(Sira.), Oxalia sp., Imperata arundinacea (Cyrill), Paapalum sp., Andropogon con- 
tortua L., Oetraria glauca (bean), Ranunculus diffusua (in the valleys), Andro- 
pogon mycranthua (Kuth), Arundinella seioaa (Trin.), Anthiatriia anathera 
(Nees). 

It is interesting to note how each of these different species occurs under 
different soil conditions,. Saccharum apontaneum (kana) and Imperata cylin- 
drica (airoo) usually prefer a soil containing little or no organic matter and with 
very loose sub-soil consistency. Therefore they are mostly found growing 
on ridges and seldom in lowlands. On the other hand, Rhnhua, Ranunculua, 
Ophiopogon, Pteria (Bracken), Reinwardtia, Berberia and Polygonum prefer 
organic moist soils and shady places. 
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Gboloot 

There are two main soil-forming rocks of importance in this locality, viz. 
gametiferous biotite-schist and weathered granite gneiss*. Although on 
an average the analytical figures for these two types of rocks are not very 
different, the nature of the overlying soils, formed under more or less identical 
condition, is very dissimilar. Under the local conditions biotite as a parent 
material invariably produces heavier-textured soils than granite gneiss ; 
the former is by far more easily influenced by soil genetic processes, as is 
evident from the fact that in the zones where both of these rocks occur together 
biotite appears to be considerably more disintegrated than granite. The 
weathered product of the former is sticky and brown, whereas that of granite 
is sandy, and yellowish brown, when wet and white when dry. 

Gametiferuous biotite schists form the parent material of the greater 
part of Chaubattia Orchard. At some places both biotite and granite appear 
to be present intimately mixed with each other. Biotite-muscovite-quartz 
schist, however, appears to be present at a few places in the orchard. Thus 
generally the soils might be taken to have been formed frc»m igneous rocks. 

II. Methods and pkocedurb 

A thorough survey of the Government Orchard at Chaubattia at points 
100 ft. apart, both along and across the slopes, has been carried out. The 
present contribution deals with only unterraced soils and the results of the 
studies made in terraced soils will form the subject matter of a subsequent 
contribution. Pits were dug at the corresponding points of horizontal and 
vertical cross-lattices of the orchard map at regular distances of 100 ft. 
These pits were sufficiently broad for an observer to go inside and note horizon 
characteristics and each of the pits was dug up to the decomposing parent 
rock or up to impervious clay pan in typically clay profiles. In some cases, 
the clay pans were cut through ; underlying the clay pan, it is usual to find the 
parent rock at different stages of decomposition. In one case, forming a pocket 
between two ridges, it was found that the clay pan had a depth of about 
6 ft. 

Observations in regard to the characteristics of each horizon, particularly 
colour, texture, structure, depth and hardness, were made in situ, and repre- 
sentative samples were obtained from each horizon for laboratory study. 
Owing mainly to their positions along the slopes, the soils under field condi- 
tions were found to have different moisture contents and, therefore, it was 
felt desirable to supplement these field observations with similar observations 
made in the laboratory under uniform and controlled conditions. The soil 
samples were, therefore, air-dried and studied under air-dried and moisture- 
saturated conditions. This undoubtedly afforded a fuller knowledge of the 
horizons than that based on observations in the field alone. So far we have 
examined 1 224 horizon soils arising out of a total of 405 profiles. The 
complete mechanical, chemical, and physico-chemical analyses of such a 
large number of soils being out of the question, attempt 'was made to classify 
the soils according to their visual and textural characteristics. Accor- 
diiigly all the above-mentioned 1224 soils were classified into groups 

* Geological Survey of India-— private communication- 
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depending on the following principal soil characteristics and their com- 
binations : — 

(1) Presence of micaceous sand 

(2) Presence of quartzose sand 

(3) Clay content and texture 

(4) Colour 

Each sample was analysed for : — 

(а) Mechanical ; coarse sand, fine sand, silt and clay. 

(б) Chemical ; SiO„ A1,0,, Fe,0„ MgO, CaO, moisture, lose on igni- 

tion, nitrogen, organic carbon, and 

(c) Physico-chemical ; pH and exchange acidity. 

A large number of these samples were analysed for total PjOj which was 
invariab y found to be very low. In no case the amount of PjOs present ex- 
ceeded 0-05 per cent. Hence, the PfO, content of these soils has not been 
included in the calculation of RsO, figures. In some oases the clay fraction 
has been analysed for SiOj, AljOj and Fe,0,. 

Analttioai. methods 

Two-millimetre samples were used for both mechanical and chemical 
analyses. Hydrochloric acid extract was prepared according to the directions 
of the British Agricultural Education Association [Wright, 1934]. Lime and 
magnesia were estimated volumetrically and the former was precipitated in 
acetic acid medium. For the estimation of nitrogen, Kjeldahl’s method was 
followed after pre-treating the soils with water as suggested by Bal [1926]. 
The quinhydrone electrode method was adopted for the determination of pH 
values. Exchangeable acidity was determined by Happens [1927] method. 
Organic carbon was estimated by Walkley and Black [1934] method with 
chromic acid. Clay fraction was dispersed by International method, and 
syphoned off to 8-6 cm. depth after 24 hours. Coagulation was effected by 
calcium chloride. The samples were analysed by usual fusion method for 
the determination of silica. 

The analytical data only in regard to complete profiles are detailed in 
Tables Hl-Xil. 


III. Data and discussion 

From the data obtained it is obvious that a large number of soils of the 
orchard according to expectation shows primary characteristics and forms fous 
distinct genetic types, viz. (1) Red loams, (2) Brown forest soils, (3) Podsol- 
and (4) Wiesenboden or meadow soils. Although, as has already been men 
tioned, all of these soils arise out of two parent rocks, yet their development 
into clear-cut genetic types is presumably due to differences in topographical 
conditions and weathering processes— chemical, physical and biochemical. 
Of course, instances of variations within each of the soil types are somewhat 
numerous. The atmospheric climate of the locality is within limits uniform, 
but it is clear that the soil climate will be different according to the topograph- 
ical conditions, i.e. the slope gradient, situation and vegetation. It is, 
therefore, considered desirable to present the data separately for each of the 
genetic types enumerated above. 
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Bed loams 

Three profiles under this group have been examined in detail and the 
visual characteristics have been studied for 20 more profiles. The visual 
characteristics of the horizons constituting each of these three typical profiles 
are briefly given below : — 

Visual characteristics of red loam profiles 


Profile No, 

Depth of 
hoiizon 

Horizon 

! 

Description 

8R 6 

0—1 ft. 

A 

Grey ; micaceous ; organic ; loamy soil. 
Beddish when wet. 


1 ft.— 3 ft. 

B 

i 

Sandy ; greyish yellow ; micaceous soil. 
More yellow when wet. 


3 ft.— 4 ft. 

C 

Sandy ; ash grey ; very light ; structureless 
soil. No change when wet. 

14 R 6 

0 — 6 in. . . j 

A 

Brownish grey ; slightly organic ; loamy soil 
with plenty of undecomposed organic 
matter. Darkens sli^l.tly in colour when 
wet. 


6 in. — 1 ft. 8 in. 

B 

Loamy ; reddish brown soil containing little 
humus. Deep red brown when wot. 


1 ft. 8 in.— 3 ft. 

9 in. 


Lofiuny sand, yellowish brown soil. More 
yellow when wet. 


3 ft. 9 in.— 6 ft. 

C 

Loamy ; ash grey ; slightly micaceous soil 
of hydrogenic nature. More green when 
wet. 

X 13Y33 . 

) 

' 0 — 6 in. . 

A 

Granular ; grey ; loamy ; when wet reddish 
grey ; contains stones and undecomposed 
organic matter. 


6 in. — 10 in. 

B 

Yellowish ; micaceous ; loamy ; wlien wet 
reddish yellow. Contains stones (mica). 

j 

10 in. — 2 ft. 

C 

Micaceous sandy loam ; yellowish ; more 
yellow when wet. 


The analytical data for each of these profiles are given in Tables III and 
IV. 
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nalytiedl results of red loams {ehemieal determinations) 
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Table IV 


Analytical results of red loams {mechanical determinations) 
{Analysis of 2 mm. sample) 


Name of 
profile 

Depth 

1 Coarse 

1 sand 
^ (per cent) 

Fine sand 

(per cent) 

sat 

(per cent) 

Clay 

(per cent) 

Exchange 
H m. e. 
(per cent) 

13 R 5 

0—1 ft. . 

19*40 

41*43 

18*63 

16*60 

0*088 


1 ft.— 3 ft. 

. 19*63 

68*09 

7*37 

6*68 

0*36 


3 ft.— 4 ft. 

! 21-6 

62*8 

9*9 

6*6 

0*88 

14 R 6 

0—6 in* • • 

1 17*03 

31*66 

27*46 

20*68 

0*18 


6 in* — 1 ft. 8 in. 

16-78 

31*67 

28*80 i 

23*48 

3*76 


1 ft. 8 in.— 3 ft. 
9 in. 

; 40*89 

38*42 

11*40 

9*66 

4*28 


3 ft. 9 in.— 6 ft. 

28*7 

34*6 

19*6 

i 

17*6 

8*13 

X 13 Y 33 

0— — 6 in. • • 

13*42 

1 31-29 

1 

! 31-06 

1 

16-66 

i 

1 


6 in. — 10 in. * 

28*26 

1 36-41 

1 18*30 

13-60 

I 0-088 


10 in.— 2 ft. . 

29-96 

! 40*27 

! 

j 13*66 

12-76 

1 

; 1-40 


From the results it is evident that these red loams represent the inter- 
mediate stage between Jateritic and podsolic developments. Although the 
analytical figures show eluviation of silica relative to sesquioxides which 
indicates a lateritic tendency, yet considerable accumulation of organic matter 
in the A-horizons coupled with the acidity of the soil and humid, temperate 
climate tends to make the soil podsolic. On a joint consideration, therefore, 
of the sesquioxides in the different horizons and the comparatively low organic 
matter content in the sub-soils, it becomes apparent that these soil types be- 
long to recognised red loams — intermediate between podsolic and lateritic 
formations. The bases, particularly silica, are relatively poor in the surface 
soils and seem to have been leached down to the lower horizons as against 
sesquioxides that decrease downwards. The position with regard to lime and 
magnesia is slightly different. The grass vegetation brings up some of the 
leached bases from lower horizons, and whatever escapes this natural enriching 
process, is w^ashed away from the profile as a whole. The high C'/N ratio in 
the A-horizons is partly due to undecomposed organic matter. 

These profiles which lie mostly along slopes of hills or along ridges are 
generally sandy in nature. The soils, owing to the open sub-soil texture, allow 
free drainage and it is usual to find them dry in a few hours after a heavy rain- 
fall. The oxidation of organic matter under these conditions is very pro- 
nounced, On analysis the surface soils are found to contain a fairly high 
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pOToentage of organic matter ; but the &ot that, on moistening, the soils' assum 
a somewhat reddish grey colour ins^ad of dark grey sha>w8. that the humus 
has undergone considerable minera&ation. As regards Fe,0 it may be 
concluded that in the sub-soilp local conditions favour a higher degree of 
hydration than that in the surface horizon — ^the colour of the sub-soU being 
brownish yellow whereas that of the top-soils is reddish grey. 

The soils of this nature are, however, not very common under the condi- 
tions of the locality, and they occur at places which receive maximum solar 
radiation and are aWays dry owing to their situation on the ridges of slopes. 

In the International classification of soils the position of red loam is not 
clearly defined. Harrassowitz [1930] pointed out that red ^d yellow loams 
are related soil types. Marbut [1928] has observed that yellow colour is found 
only in sandy profiles, whereas profiles having heavy texture are red mr 
reddish. The data from the U. S. Bureau of Soils on red and yellow soils [J offe, 
1936] definitely show podsolic tendencies. The soils studied by us more or 
less resemble these red and yellow Soils encountered in the United States of 
America. At the present stage of knowledge it is not, however, desirable to 
separate red and yellow loams into different groups [Robinson, 1932]. The 
yellow soils studied by us have, therefore, been classified as red loams. 

The trend of the changes in the insoluble residue of HCl-extract and 
sesquioxides with depth indicates that these soils have certain red loam charac- 
teristics, whereas the nature of the variations in the pH value and exchange- 
able acidity tends to favour the classification of these as brown earths. It is 
thus apparent that soils similar to these form border-line cases between red 
loams and brown earths. 

Brown forrst soils 

Seventeen profiles under this group have been analysed in detail and 
visual characters studied for 200 more profiles. The visual characteristics 
of the horizons constituting each of five typical profiles are given below : — 

Visual characters of grey brown forest soils 


Profile No. 

Horizon 

Depth 

! 

Description 

X6 Y20 

A 

1 

0 — 8 in. . 

Granular ; brownish grey ; clayey ; organic 
soil containing undecomposed organic 
matter. Darkens when wet. 


B 

8 in. — 1 ft. 7 in. 

Brownish ; loam with mica bits. More 
brown when wet. 



1 ft. 7 in.— 3 ft. 

1 in. 

Sandy loam ; brownish ; micaceous ; stony 
soil. More brown when wet. 

X7 Y22 
(Plate XLV, 

fig- 1) 

A 

0—1 ft. . 

Deep grey ; highly organic ; finely granular 
clayey soil containing plenty of roots. 
Darkens when wet. 



Fig. 1. Brown forest soil (X 7 Y 22) Fig. 2. Podsol profile (mixed No. IV) 
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Plate XLV 
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Profile No. 

Horizon 

Depth 



Description 

X7 Y22 
(Plate XLV, 

B 

1 ft.— 2 ft. 6 in. 

Brownish ; clayey ; micaceous ; slightly or- 
ganic soils with roots. Dark brown when 
wet. 


C 

2 ft. 6 in.— 3 ft. 
10 in. 

Loam ; yellowish soil containing mica bits. 
Brownish when wet. 

1 

X16 Y8 

A 

0 8 in. • • 

Brownish grey ; granular ; slightly organic ; 
clayey soil. Dark brownish grey when 
wet. 


B 

8 in. — 2 ft. 

Brownish clayey soil. More brown when 

1 wet. 


c 

2 ft. — 4 ft. 

I Sandy loam ; brownish ; micaceous ; stony 
i soil. More brown when wet. 

X14 Y23 

A 

0 — 6 in. . 

, Organic ; granular ; micaceous ; dark grey, 

' containing mica. Darker when wet. Con- 
tains undecomposed organic matter. 


B 

5 in. — 8 in. 

; Brownish yellow — ^mostly rock material — 
loamy soil. More brown when wet. 


C 

8 in. — 2 ft. 6 in. 

Yellow decomposing rock material mostly 
mica. Deep yellow when wet. 

X25 Y19 

A 

0—1 ft. . 

Granular, dark grey, darker when wet. 
Contains roots and charcoal. 


B 

1 ft.— 1 ft. 8 in. 

Yellowish, granular, clay, contains sand. A 
little grey when wet. 


B,+C 

1 ft. 8 in.— 3 ft. 
11 in. 

Hard clay, whitish grey, contains bluish 
hard mass at places, whitish incrustations, 

1 reddens a little when wet. 


The analytical figures for the above profiles are given in Tables V and 

vr. 
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Table VI 


Analytiddl reauUa of brown forest soils {mechanical determinations) 
{Analjfsis of 2 mm. sam^) 


Name of 
profile 

Depth 

Coarse 

(per cent) 

Fine sand 

(per cent) 

sut 

(per cent) 

Clay 

(per cent 

Exchange 
Hm. e. 

(per cent) 

X6 Y20 

8 in* • • 

4-53 

36-82 

31-26 

21-76 

0-18 


8 in. — 1 ft. 7 in. 

2-88 

43-43 

31-03 

19-70 

0-26 


1 ft. 7 in. — 3 ft. 

1 in. 

16-98 

62-30 

18-30 

11-86 

0-36 

X7 Y22 

— 1 ft. • • 

4-61 

37-14 

26-16 

20-76 

0-36 


1 ft. — 2 ft. 6 in. 

7-34 

36-26 

28-00 

23-86 

3-33 


2 ft. 6 in. — 3 ft. 

11-36 

61-39 

21-85 

14-16 

2-71 

16 B 8 

0—8 in. . . 

4-89 

26-48 

37-10 

27-65 

7-26 


8 in. — 2 ft. 

4-24 

27-67 

38-30 

29-50 

6-66 


2 ft.— 4 ft. 

33-84 

43-70 

7-90 ] 

16-60 1 

3-24 

X14 Y23I 

0—6 in. . . 

16-62 

30-11 

26-26 i 

16-40 1 

1 



6 in. — 8 iai. 

24-83 

36-65 

15-86 

16-40 ' 

0-044 

! 

8 in. — 2 ft. 6 in. 

30-72 ! 

43-21 

13-70 

11-0 j 

-• 

X26 Y19 

0—1 ft. . . 

1-06 

22-48 

39-10 > 

23-10 



1 ft.— 1 ft. 8 in. 

0-82 1 

28-60 

42-30 

23-35 1 



1 ft. 8 in.— 3 ft. 
11 in. 

1-00 

31-63 

36-96 1 

1 

i 

27-06 



These soils possess characteristics which are essentially similar to those 
identified as * Braunerde * of Ramann. Although varying only in texture, 
the majority of the soils so far studied at Chaubattia possess the characteris- 
tics of this group. 

The zone of accumulation of organic debris or jungle litter, i.e. Aq - horizon 
is usually absent, which is due to absence of forest cover and intense surface 
erosion. The first surface layer of soil is, therefore, rich in humified matter 
and reaches a depth of about a foot. It is usual to find most of the plant roots 
crowding in this horizon, the structure of the soil aggregates is usually ^anular. 
TMs horizon is always extremely acid. The highest quantity of lime in loamy 
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or sandy loam profiles is associated with the surface oi^anio layer. The con- 
tents of magnesia in this horizon are usually lower than that in the next horizon. 

The pre-eminent character of the second horizon is its distinctly brownish 
colour. In most roadside cuttings one cannot mistake this layer extending in a 
tongue-like fashion into the third horizon. In loamy soil, therefore, this is the 
first zone of accumulation of sesquioxides, particularly iron, which is apparent- 
ly the reason of the striking colour of this horizon. The soils of this horizon 
are more acid than those of the preceding horizon and have lower content 
of organic matter and lime. This horizon in most cases shows the highest 
amount of magnesia. The aggregates are some times granular, but more 
often are structureless. The position of profiles along the slopes determines 
the textural character of this horizon. In mild slopes it has a lighter texture 
than the one preceding it (viz. X6Y20) ; but at the bottom of slopes or 
pockets of hills this horizon shows a granular structure and heavier texture ; 
but the brown colour of the horizon under all conditions is very apparent. 

The third horizon shows different characteristics depending on the posi- 
tion of the profile along the slopes. On steep slopes of about 46® or more this 
horizon is usually yellow and sandy, turning slightly brown when wet. It is 
usual to find feeder roots invariably avoiding this horizon. The soil in this 
case is structureless and sandy. 

In sesquioxides and lime this horizon is the poorest. On account of the rich- 
ness of the parent rock in magnesia, the latter in the case of some profiles 
is found in higher quantity in this horizon, e.g. X7 Y22. In the case of those 
profiles which are situated along slopes of less than 46® this horizon shows a 
heavier texture, and is more brownish yellow in colour with sometimes dark 
bluish incrustations, e.g. X25 Y19. In the pockets of hills or at the bottom of 
slopes, owing probably to impeded subsoil drainage, this horizon shows rock- 
like consistency. The structural aggregates in the latter case are angular. 
The soil material synthetically is a mixture of infiltered clay and decomposing 
parent material. In relative chemical attributes this horizon is not very 
different from the usual C-horizons of the loamy grey brown profiles. 

The pan formation in the case of brown soils takes place in the pockets 
of hills which are the only places where drainage takes place vertically. At 
other places it is usual to expect the subsoU-drainage flow parallel to the sur- 
face of the bed rock or surface soil. Along steep slopes translocation of mate- 
rial takes place parallel to the surface and this might be the reason why on 
steep slopes we do not meet with pan formation while this is invariably present 
at the bottom of slopes, or along slopes having about 20® inclination. 

The above characteristics of the brown forest soils studied by us are not 
strictly analogous to those of the types described by Bamann [ 1928 ] to which 
the universal name ‘ Braunerde of Bamann ’ is given. The latter have nor- 
mally a neutral or slightly alkaline reaction, and hence the humus bodies are 
not found under dispersed condition. Glinka [ 1928 ] considered these soils 
as a variety in the podsol zone formed on parent material rich in lime. 

Tamm [1930] however has recognised two sub-types of brown soils in 
Southern Sweden and has divided them into climatic and acclimatic types. 
The former type of formation develops on parent material poor in lime, 
whereas the latter forms on calcareous material. Mitchell and Muir [ 1936 ] 
have adduced evidence showing that brown soils of England do not show the 
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oharaoteristics usually associated with brown soils of Ramann. That the 
brown forest soils have been developed under podsolio conditions have been 
recognised by all the authors cited. Besides Ramann has recognised that 
‘ In no other formations does the parent rock exercise such a great influence 
as in brown earths’ . The brown soils studied by us therefore can be con- 
sidered as a sub-type of brown forest soils formed from acid igneous rock 
having analogous development in Miami and Russell series. Baldwin [1928], 
has analysed some of these brown soils which appear to have the same general 
characteristics as our soils. 

For elucidating more fully the pedogenic processes undergoing in these 
soils, it was considered desirable to analyse the clay fraction alone for SiOj, 
AljOj and Fe,Oj. The results for two typical profiles are given in Table 
VII. 


Table VII 


Analysis of day fraction — broom forest soils 


Profile 

Dopf hs 

i 

} 

j 

Horizon ’ 

i 

SiOj 

[per cent) 

( I 

F02O3 I AI2O3 

1 

’ 

(per cent);(per cent) 

SiOo 1 
Ai.d, 1 

SiO, 

X5 Y20 

0—8 in. 

A ! 

41-91 

1 

15-41 

22 09 

3-22 

2-22 


8 in. — 1 ft. 7 in. 

B 

44- 12 

15-41 

18-94 

3-95 1 

2-60 


1 ft. 7 in.— 3 ft. 

1 .n. 

C 

' 1 

1 

44-27 

1 

15-17 

17-03 

4-41 

2-81 

X7 Y22 

0—1 ft. 

A 

44-40 

11-58 

25-02 , 

1 

3-01 

2-34 


1 ft.— 2 ft. 

6 in. 

i B 

42-28 

- 12-78 

26-82 : 

2-67 

2-11 

i 

1 

2 ft. 6 in.— 3 ft. 
10 in. 

C 

43-06 

11-98 

25-72 ' 

2-84 

2-29 


The data given in Table VII clearly indicate that there is no marked eluvia- 
tion of sesquioxides or silica in these profiles — a characteristic which is typical 
of continental brown forest soils. Further the silica-alumina ratio as well 
as the siltca-sesquioxide ratio show that within limits the consistency of the 
clay complex is the same throughout the profile. 

PoDSOLS 

Twelve profiles showing the characteristics of podsolio development have 
been analysed in detail and visual characters have been studied for 60 more 
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profiles. The visual characters of the horizons constituting each of six iypioal 
profiles are given below : 

VistuU duiracters of podaoUc profiles 


Profile Nos. 

Horizon 

Depths 

Charaotera 

X8 ¥26 

*^1 

0 — 7 in. . 

Dark grey ; olasrey ; finely granular ; organic 
soil containing roots ; darkens in colour 
when wet. 


Ai 

7 in. — 2 ft. 

Yellowish brown ; seuidy loam ; stony soil. 
More brown when wet. 


B+C 

2 ft. — 3 ft. 2 in. 

Brownish clayey ; slightly granular soil. 
More brown when wet. The clay particles 
have dark bean-shaped iron concretions. 

X7 Y20 


0 — 1 ft. 3 in. . 

Dark grey ; coarsely granular ; ola 3 rey soil. 
More dark when wet. 


A, 

1 ft. 3 in. — 2 ft. 
4 in. 

Sandy ; micaceous ; stoney ; yellowish hori- 
zon containing some undeoomposed rook. 
More brown when wet. 


B+C 

2 ft. 4 in. — 3 ft. 
10 in. 

Brownish ; clayey ; micaceous ; stony soil. 
More brown when wet. 

9SI 

A 

0—1 ft. 

Greyish brown clayey. More brown when 
wet. Granular. 


Ax 

[ 1 

1 ft.— 2 ft. 8 in. ! 

Clayey; brownish soil. More brown when 
wet. 


A, 

2 ft. 8 in.— 3 ft. 

6 in. 

Reddish brown. Sandy micaceous soil. 
Deep brown colour when wet. 


B + C 

3 ft. 6 in.— 4 ft. 

Clayey ; greyish brown soil. More brown 



6 in. 

when wet. 

8 R 5 

A 

O'""*! ft. 2 in. 

Dark grey ; granular ; loam with some unde- 
composed organic matter. More dark 
when wet. 


Ai 

1 ft. 2 in. — 2 ft, 

6 in. 

Brownish grey ; heavy loam. Slightly dark 
when wet. 


Ag 

2 ft. 6 in.— 3 ft. 

4 in. 

Brownish yellow ; loam ; lighter than above. 
More yellow when wet. 

1 

B 

3 ft. 4 in 6 ft. 

Hard, lumpy, brown pan with white cemen- 
tation €uid dark incrustations. More 
brown when wet. 
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Visual charucters of podaolic profiles — contd. 


Profile Nos, 

Horizon 

Depths 

Characters 

Mixed No. 4 
(Plate XLV, 
fig. 2) 

A 

0—2 UI. • a 

Granular, with brown markings, loamy ; 
dark grey when wet. 


Af 

2 in. — 8 in. 

Soil same as above mixed with some stones 
and single-grain sand. 


Ba 

8 in. — 1 ft. 6 in. 

Whitish brown with sandy cementation ; 
dark and brown incrustations loam. More 
brown when wot. 


B. 

1 ft. 6 in. and 
below 

Dark grey, angular, clayey hard soil with 
black incrustations. More dark in colour 
when wet. 

9R4J 

Ai 

1 0—1 ft. • . j 

1 

' Greyish brown ; granular ; organic loam. 
More dark when wet. 


Aj 1 

! 1 ft. — 4 ft. 10 in. 1 Granular ; greyish brown ; slightly mica- 
ceous ; loam. Slightly darker when wet. 


B, 

1 4 ft. 10 in.— 6 ft. 

1 Dark grey ; heavy loam ; more dark when 



j 10 in. 

i wet. 

i 

B, 

i 6 ft. 10 in.— 7 ft. 

' 10 in. 

Brownish grey ; heavy loam ; more dark 
when wet. 

i 

1 B,+C 

7 ft. 10 in, and 
below 

Reddish brown ; hard clay pan, with whitish 

1 cementations and dark incrustations. More 
j red when wot. 


The complete chemical analysis and mechanical compositions of the above 
profiles are given in Tables VIII and IX, 

This type of development is met with under mild slope gradients, and in 
the pockets of hills and ridges, and in the shady places of the orchard. The 
surface erosion due to the particular topography is not as intense as in grey 
brown forest soils. Although there is considerable accumulation of organic 
matter from the decomposing leaves and grasses, the surface soil does not 
tend to be peaty. The horizon differentiation is very clear in all cases. 

The first horizon contains a soil rich in humus in a dispersed condition 
which gives the soil a granular structure. As expected, the maximum crowd- 
ing of the plant roots is found in this horizon. The colour of the soil shades 
from dark grey to brownish grey. The soil is mostly clayey which is not 
much indurated owing to the presence of humus. Depending upon the posi- 
tion of the profile along slopes this horizon sometimes shows a sub-horizon 
(e.g. 9SI, and 8R5) and the total depth of 3 ft. is recorded for such hori- 
zons. Sub-horizons indicated above show the characteristics of the B-hori- 
zon of the brown forest soils, namely alluvial additions of colloidal matter 
and sesquioxides from the preceding horizons. 










Table VIU 

Chemical analyaia of podsoiic proJUee 
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Table IX 

Mechanical analytic of podadic profiles 


(Analysis of 2 mm, sample) 


Name of profile 

Depth 

Coarse 

sand 

Fine 

sand 

Silt 

Clay 

Exchange 

H + 
m.e. 





Per cent ; 



X8 Y26 

0—7 in. 

6*42 

32*13 



0*088 


7 in. — 2 ft. 

12*42 


26*20 

18*60 

1*76 


2 ft. — 3 ft. 2 in. 

8*46 

32*70 



2-27 

X7 Y20 

0—1 ft. 3 in. 

6*14 

31*80 

30*46 

23*20 

. . 


1 ft. 3 in.— 2 ft. 

4 in. 

13*66 

47-93 

21*06 

16*60 



2 ft. 4 in. — 3 ft. 
10 in. 

* * 

39*48 

26*60 

22*46 

0*18 

9ST 

0—1 ft. 

412 

23*68 

40*22 

26*88 

0*088 


1 ft. — 2 ft. 8 in. 

1*83 

23*60 

39*13 

31-66 

3*98 


2 ft. 8 in. — 3 ft. 
6in. 

19*28 

49*61 

14*30 

1 18*40 1 

1 

2*98 


3 ft. 6 in.— 4 ft. 

6 in. 

8*18 

29*31 

32*82 

; 28*98 

0*33 

8R5 

0 — 1 ft. 2 in. 

3-38 

24*66 

! 39-80 

29*36 

2*62 


1 ft. 2 in.— 2 ft. 

6 in. 

3*70 

21*33 

40*60 

34-76 

2*46 


2 ft. 6 in. — 3 ft. 

4 in. 

3*98 

24*9 

43*30 

28*60 

2*60 


3 ft. 4 in.— 6 ft. 

0*67 

21*81 

43*76 

32*86 

1*66 

Mixed No. 4 

0~~2 in. 

2*83 

22*09 

30*75 

26*40 

Trace 


2 in. — 8 in. 

6*94 

29*63 

33*15 

22*60 

0*626 


8 in. — 1 ft. 6 in. 

2*28 

28*48 

40*40 

24*16 

Trace 


1 ft. 5 in. and 
below. 

0*31 

20*98 

40*76 

30*76 

Trace 

9R4 

0—1 ft. 

3*03 

21*9 

40*8 

27*7 

0*26 


1 ft.— 4 ft. 10 in, 

6*34 

24*7 

39*2 

28*6 

4*2 


4 ft. 10 in. — 6 ft. 
10 in. 

3*18 

i 18*2 

1 

40*2 

33*4 

4*73 


6 ft. 10 in.— 7 ft. 
10 in. 

6*66 

21*6 

i 

1 

42*6 

27*9 

3*68 


7 ft. 10 in. and 
below 

1*79 


40*6 

34*2 

1*76 
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This obserration is certainly peculiar. In no podsolio development a 
sub-horizon of the nature enumerated here has been found associated with 
the A^-horizon, as the preceding horizon is neither peaty nor possesses any 
decomposed organic accumulation. 

Underlying the A^-horizon is found the A|-horizon which in the oases 
of loamy profiles is mostly sandy loan (e.g. X8 Y26, X7 Y20) and is the z(nie 
of maximum eluviation. 

In the oases of clayey profiles this horizon shades from yellow to brown 
with sandy grains showing more or less a bleached appearance cemented 
round the structural soil mass. In all these profiles physical eluviation 
particularly of clay is very apparent, and among the soil ingredients the 
content of fine sand in this horizon is maximum. Amongst the chemical 
attributes, it is interesting to note that in this horizon the largest amount 
• of SiO| (insoluble matter in strong HCl) is associated with the least amount 
of sesquioxides, and unlike grey brown forest soils, we find lowest amount 
of magnesia in this horizon. Excepting a few profiles (e.g. X8 Y26 and X7 Y20) 
we also find considerable eluviation of lime from this horizon. In organic 
carbon and nitrogen, for the majority of the profiles, this horizon is found to 
be strikingly impoverished. Thus in short the A,^orizon is considerably 
eluviated of finer matter, sesquioxides and bases. 

Underlying the Ag-horizon, the horizon of maximum illuviation, namely 
‘ B ’ is situated. This horizon in most cases cannot be differentiated into 
Bi and Bj. In loamy profiles it is, in the majority of cases, brown and clayey, 
and when moist some sort of a granular structure is apparent. There are 
imbedded in the soil mass bean-shaped, sometimes needle-like, black iron 
concretions. 

In clayey profiles this horizon shows rock-like consistency by forming 
a hard clay pan. Two types of such pans are encountered under our condi- 
tions. The first one of importance possesses a brownish colour and soil aggre- 
gates are arranged in prismatic form (e.g. 4th horizon of 8B5). The second 
type shows a dark grey colour, with angular soil aggr^atee (e,g. 4th horizon 
of mixed No. 4). These two types of pans are essentially different from 
each other as will be seen from Table IXa. 

It is interesting to note that in some profiles these two types of pans 
are found to occur together (e.g. 9B4) where the humus pan precedes the 
iron one. In all the above oases, however, a white sandy cementation is 
found round the soil aggregates which appear to be, as will be clear from the 
table on page 1012, eluvial material of the Aj-hoiizon mechanically carried 
downward. 

Chemical analysis of the clay pans (Table IXa) shows that illuviation 
of sesquioxides and bases takes place in this horizon. 

The C-horizon is generally found to be constitute of decomposing rook 
mixed with infiltered clay and there is no clear demarcation of boundaries 
between the B and 0 horizons, which appear to be blended together. The 
third horizon of X7 Y 20 seems to contain decomposing rook debris mixed 
with some finer material washed down from the preceding horizons. In 
clayey profiles, this composition is found towards the bottom of the B-hoti- 
zon. 



Table IXa 

Analytical resvlia of some day pans 
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IX 


Chemical anaJyns of cement soil mass of B-horizon 


Components 

SiO, 

AI 2 OS 

Fe^Og 

RgOg 

CaO 


Cement . . | 

86*53 

1-84 

6-21 

7-06 

0-37 

0-91 

Hard clay 

•• 


•• 



•• 

(Mean of four) . 

77-06 

0-22 

6-27 

14-49 

0-20 

1-06 


Podsolic formations have been studied in greater detail than any other 
formations owi^ to their occurrence in Northern Europe and Russia by such 
eminent authorities in soil science as Ramann, Glinka, Dokuchaev, etc. The 
peculiar features of this development is to no small extent responsible for the 
development of the modem conception of soil science. Various hypotheses 
about the causes responsible for the development of the peculiarities of pod- 
sols have been advocated from time to time. Ramann [ 1928 ] and Doku- 
chaev [1879] advanced the theory that organic acids are responsible for the 
formation of podsols. The bleached appearance of the A, -horizon had been 
attributed to the light coloured crenic acid by Tumin [1911]. Glinka [1928] 
was of the opinion that colloidal matters of the A-horizon are washed down 
under the protective action of humus. Thus the horizon so impoverished of 
finer matter assumes a whitish colouration owing to the presence of qurtz sand. 
Robinson [ 1932 ] considered that the dominant factors in the development 
of the podsols were the prevalence of intense bleaching owing to excessive humid 
condition and parent material with poor base resource. Gedroiz’s [1929] 
essentially physico-chemical views on the formation of the Aj-horizon are 
the decomposition of the unsaturated aluminium silicates into silica and ses- 
quioxides after the colloidally dispersed humic acids which have been carried 
downwards. The recent investigation of Mattson [1933] suggests that the pro- 
cesses of podsolisation are related to the condition of acid hydrolysis prevalent 
in the podsolic zones. A-horizon under these conditions becomes saturated with 
hydrogen ions and a partial decomposition of the aluminium silicate complex 
necessarily t^es place. Owing to a periodic shift of the pH of the environment 
the sesquioxides move downwards leaving behind silica. These deposit a 
short distance below owing primarily to pH of the B-horizon which controls 
the electrostatic forces. Ramesov [1937] has criticised this view of acid 
weathering. On account of the forest condition the dispersion is attributed 
by him to be brought about by ammonia formed from the decomposing organic 
debris. The absolute composition of the concretions found in the B-horizon 
has been studied by Morozov [1938] and Winter [1938] who find these to be 
richer in sesquioxides and manganese but poor in silica. 
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Aaltonen [1938] has found that in young soils the organic colloids, parti- 
oularly of iron, are precipitated at comparatively lower depths than in old 
seals. The former are more acid and poorer in base-mineral indices. From 
this it appears that there are two distinct phases in the podsoUc formations. 
At first the soils deepen with age and after a certain time the process is re- 
versed ; B-horizon rises to the surface accompanied by the gradual decrease 
of soil acidity. When the soils of Chaubattia are viewed from this angle, 
the peculiar observation as the lack of a humus pan before iron one is fully 
understood, and the extreme acidity may, therefore, be attributed partly 
to the age of the profiles. 

As in the case of the brown forest soils, clay fraction of the two of pro- 
files discussed above was also analysed for SiO*, AlgO* and FcjOg. The data 
are given in Table X. 


Table X 


Analysis of clay fraction — podsolic profiles 


Profile 

Depth 

Horizon 

SiO, 

Per cent 

rc,o. 

Per cent 

Al.O, 

Per cent 

! 

-SIO. 

RiO. 

A1.0. 

AlfOt ' 

1 

“ETir 

Fe,0, 

Mixed No. 4 

0 — 2 In. 

Aj 

47-40 

8-38 

19-32 

1 

i 

4-16 ; 

3-24 

8-68 


In. — 8 In. 

At 

47-02 

8-78 

19-02 

4-19 

1 

8*24 

3-89 


8 In.— 1 a. 6 In. 

Bt 

48-34 

; 11-58 

14-62 

5-64 ; 

3*74 

1-96 


1 a. 5 in. and below 

B, 

47-82 

i 11-98'' 

14-52 

1 ' 

1 5-58 j 

3*66 

1-90 

9S1 

0—1 a. 

A 

44-20 

11-58 

1 27-22 

1 

; 2-76 

2*16 

3-66 


1 a .— 2 a. 8 in. 

1 

1 

45-06 

12-78 

25 22 

' 3-02 

2-29 

3-09 


2 a. 8 in. — 3 a. 6 in. 

i 

45-94 

, 15-13 

' 1817 

! 

; 4-29 

2-80 

1-88 


3 a. 6 in.— 4 a. 6 in. 

1 

1 B + C 

1 

1 

j 45-93 

i 12-38 

1 

I 

) 

' 17-22 

1 

; 4-52 

! 

3-10 

2*18 


It appears from the figures given in Table X that although the clay- 
complex judged by the SiOj/RjOs ratios remains constant at all depths of 
the profiles, a marked eluviation in regard to FcjOs is obvious. This is also 
borne out by the diminution of the AljOs^FejOs ratio in the B-horizons, 
showing that, according to expectation, there has been a greater mobility in 
respect of Fe208 than AljOs. The results as a whole, howfcver, indicate 
that in the formation of soils in these parts, physical weathering plays a far 
more important role than chemical weathering. The somewhat errs tie 
nature of the values given by the last horizon of 9S1 profile is attributed to 
the fact that it is a composite of B and C-horizons, 
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WiBSBNBODBN FOBKATIONS 

Four profiles under this group were analysed in detail and visual oharaotera 
have been studied for fourteen more profiles. The visual oharaoteristios 
of the horizons constituting each of three typical profiles are briefly given 
below : — 


Visual characteristics of Wiesenboden 'profiles 


Profile No. 

Horizon 

Depth 

Charaoteristioe 

9R1 

A 

0 — 6 in. 

Organic ; loamy ; dark grey soil. More dark 
when wet. Containing undeoomposed or* 
ganio matter. 

1 

B+C 

(S in. — 1 ft. 

Sandy loam ; slightly organic ; grey soil with 
undeoomposed mica bits. Darkens when 
wet. 

A9R4 

A 

0 — 6 in. 

j 

Daork grey ; greumlar with brown spots ; 
sandy loam ; micaceous. More dark when 
wet. 



6 in. — 1 ft. 2 in. i 

Granular ; dark grey ; sandy loam* darker 
than above, with a bluish tinge and dirty 
brown spots round mica pieces. This 
horizon contains mica stones. 


B+C 

1 ft. 2 in.— 1 ft. 

6 in. 

Yellowish ; micaceous ; sandy soil ; brownish 
yellow when wet. 

Y19 


O' " 9 In. 

Granular ; brownish grey ; micaceous loam 
with few stones. More dark when wet. 


A, 

9 in. — 1 ft. 3 in. 

Greyish brown ; stony loam ; micaceous ; 
granular. Darkens when wet. 


Bt 

1 ft 3 in.— 2 ft. 

Angular ; grey lumpy ; heavy loam. Mica* 
ceous with mica stone imbedded in soil 
mass and dark incrustations ; dark grey 
when wet. 


B,+C 

2 ft.— 3 ft. 

Greenish blue ; loam ; micaceous with some 
mica stones ; rather heavy ; redcUah brown 
spots at places. Dark blue when wet. 


The detailed aualytioal figures of the above profiles are given in Tables 

XI»i»4 3ai. 








ResvUs of chemical analysis of Wiesenboden formalioTis 



Ift. 3 1n.— 21t. 2-7« 6-26 1 l-j6 I O-lll U-06 «•« 74-e8 I 4-»6 8-«5 18-«0 0-48 0'888 
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Table XII 


Mechanical analysis of Wieseriboden formations 
(Analysis of 2 mm, sample) 


Name of 
profile 

Depth 

Coarse 

sand 

Fine 

sand 

Slit 

Clay 

Ex- 
change 
H m. e. 



Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

I 

9RI 

0 — 6 in.' 

8*27 

23-09 

32-26 

23-26 

0-088 


6 in.— 1 ft. 

26-67 

32-17 

23-80 

16-80 

0-088 

A9 R4 

0 — 6 in. 

13-40 

45-69 

19-66 

12-26 



6 in. — 1 ft. 2 in. 

24-81 

38-38 

19-30 

12-26 



1 ft. 2 in. — 1 ft. 6 in. 

22-98 

42-72 

23-50 

10-06 


A62 Y19 

0 — 9 in. 

14-94 

36-33 

23-80 

14-90 



9 in. — 1 ft. 3 in. 

16-68 

37-02 

24-50 

17-96 



1 ft. 3 in.— 2 ft. 

9-60 

30-23 

36-16 

20-66 



2 ft.— 3 ft. 

12-10 

33-93 

33-36 

16-26 



This type of profile development is not by any means very common in 
these parts and is usually met with near nullas or water streams and cool 
and shady low-lying places of the orchard. Owing to very high ground water- 
level, the soil remains always moist, and during winter a thick matting of 
frost covers the soil surface during the entire season. The organic matter 
due to water-logged condition is not completely decomposed to humus, and 
it is usual to find a horizon of organic debris of about an inch thick on the 
surface soil in a semi-decomposed state. The surface horizon is, therefore, 
very dark in colour, and coarsely granular. It is found that in situ this dark 
colour deepens downwards. In some profiles, e.g. A9 R4 it has been found 
that the organic horizon occurs as two sub-horizons with distinct marks of 
demarcation and it is the lower horizon which appears to be more organic 
than the surface. In reality however the surface soil on analysis gives higher 
carbon content owing presumably to undecomposed organic matter. The 
carbon-nitrogen ratio of this layer on the other hand is found to be higher than 
that of the surface soil. But in most cases these profiles are marked by 
their shallowness and waterlogged conditions. The second horizon is often 
found to be a decomposing rock, sometimes brown but more often slightly 
li^lKish and invariably very light, stony and structureless. Considerable 
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amount of organic matter is sometimes found in this horizon, but the differ- 
ence in the organic matter content between this horizon and the surface layer 
is very mark^. From the description of the profiles as given above it is 
clear that this type of profile development is essentially hydrogenic in nature. 

As a result of intensive soil survey carried out at Chaubattia it is obvious 
that profiles of this nature are by no means common under the existing condi- 
tions of the locality. 

The formation of soils falling under this group is in fact due to certain 
inter-zonal processes resulting in an aggregate profile similar to that of Wiesen- 
boden. The chief pre-disposing causes leading to the evolution of soils of this 
type at Chaubattia are waterlogging of the sub-soil, low temperature, and 
presence of vegetations such as grasses and undergrowths like RhvJbus, Renun- 
culu8y Ophiopogon, Pteris, etc. 

Another striking point which emerges out of these observations is that, 
although in general this group can be classified as Wiesenboden, the profile 
development shows two distinct phases, namely brown forest and podsolic 
characteristics. Of the profiles described above A 62 Y19 show's definite 
podsolic tendencies, whereas the characteristics of the grey brown forest 
soils are indicated in the rest. 

These soils are better known as * meadow' soils ’ after Robinson [ 1932 ] 
who describes these as ‘ soils w^hose profile characteristics are dominated by 
the occurrence of a high water-table or an impervious layer impeding per- 
colation *. Kellog [ 1936] thinks that, when properly drained by artificial 
means, Wiesenboden provides some of the most fertile land in the world for 
crops. Its occurrence in other soil groups has also been indicated by him. 

The question of gley formation in the podsol zone has been discussed 
by Frosterua [1914] and the role that the dissolved oxygen plays in soil w ater 
in gley formations has been investigated in detail by Tamm [1925]. This has 
thrown considerable light on the peculiar features of hydrogenic soils. 

General discussion 

The detailed study of soils developed under the climatic conditions of 
Chaubattia in Kumaun clearly shows that local conditions as a whole 
favour the development of soils similar to, but not identical with, the brown 
soils of the international groups. The processes giving rise to this type of 
development seem to be similar to those causing the development of podsols. 
The surface shows a well-developed organic horizon w'hich does not tend 
to be peaty and the structural aggregates are finely granular. The second 
horizon possesses a brownish to reddish browm colour. This niay be attri- 
buted to the dehydration and oxidation of sesquioxide sols eluviated under 
the protective action of acid humus from the upper horizon, since according 
to Mattson [1933] high acidity cannot favour the mobilization of silica altliough 
the sesquioxide soils may be gradually washed down under such conditions. 
The presence of hun.us in excess sometimes masks this brown colour and 
causes the development of a greyish brown colouration. Along with the 
sesquioxides, lime and magnesia are also washed dow n to the second horizon. 
This browrnish horizon, therefore, corresponds wdth the usual B-horizon of the 
international group of brown forest soil. The third horizon, however, shows 
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oharaoteristio differences according to the topography of profile develop- 
ment. Along steep slopes this horizon is very light, loose, stony and struc- 
tureless with a pre-eminently yellow colour, whereas at the flat end of hill- 
slopes this horizon consists of a brownish hard pan ; the latter is due pre- 
sumably to hydrated ferric oxide, ae on ignition the soil assumes a reddish 
brown colour. It is interesting to observe that plant-roots generally avoid 
the third horizon along steep slopes. Even grasses refuse to grow on this 
type of soil. This might be attributed either to the presence of some toxic 
ingredient in this horizon or absolute poverty in food material and moisture. 

Chemical analysis does not, however, reveal anj^ unusual deficiency in 
plant-nutrients and under field conditions sufficient moisture is found to be 
present. Thus it may be concluded that the aversion of the plant-roots to 
traverse this horizon is due to some toxic ingredient. 

The formation of a brown hard pan in the third horizon under the topo- 
graphical conditions stated above has sometimes been interpreted as charac- 
teristics of podsolic developments [Ramann, 1928]. Our studies, however, 
definitely show that brown forest soils as distinct from podsols can form 
hard pans under certain topographical conditions. Along steep slopes where 
brown soil formations take place, the subsoil drainage is roughly parallel 
to the surface and rock-bed. This is one of the reasons underlying the hydra- 
tion of sesquioxides of the third horizon. The sesquioxide sol under such 
drainage conditions can move only along the B-horizon down the slopes ; 
but at places where this movement can take place vertically, as is the case at 
the fiat end of the hills, the sol during dry period may be dehydrated and in 
course of time, as stated above, result in pan formation tending to the juxta- 
position of the B and C-horizons. 

The natural result of a hard pan in the sub-soil sooner or later aflects 
the surface soil. With high rainfall and the blocking up of sub-soil drainage 
at the pan, sheet erosion might occur, with the result that a considerable 
quantity of organic matter is washed away from the surface soil. This appears 
to account for the poor organic status of the surface soil in most of the clay 
profiles. 

Second in importance to the brown forest soils, podsolic formations are 
encountered under certain local conditions as has been stated already. The 
topographical position of these profiles is such that the soils experience alter- 
nate wetting and drying, a cool humid climate due to shady surroundings and 
above all sufficient organic matter accumulation due to annual leaf-fall in 
the spring. Under these conditions it is natural that podsols would develop. 
Most of the podsolic profiles studied by us are clayey to loamy, and two types 
of hard pans have been met with. The conditions favouring the formation 
of such pans have not been determined, excepting that humus pan has a lower 
pH than the iron pan. The study of these pans in the hills becomes more 
difficult when one finds these to be superimposed on the C-horizon with no 
well-defined line of separation. 

Data have been presented about soils showing red loam and gleization 
tendencies. At any rate these are not typical formations of the station. 
The suggestion is clear, however, that if through human intervention or 
otherwise the specific conditions leading to their development be produced 
anywhere^ on the orchard, the soil in that locality would tend to assume the 
characteristics of red loam or Wiesenboden types. 
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It should, however, be cleariy understood that most of the soils on this 
orchard are as yet somewhat immature as revealed by their stony nature. 
Although we have reported on four major types of the formation usually met 
with in this locality, the detailed survey has shown various intermediate 
developments which cannot be regarded as true pedogenic types. For 
instance, in some cases, it has been found that brownish grey organic surface 
soil is superimposed on a yellowish brown horizon which for true brown 
forest soils usually constitutes the C-horizon. But when this surface horizon 
is more closely examined a brownish layer of about one-tenth of an inch or 
so in thickness is usually found. This type of profile is very shallow and is 
found along slope of 6U° or more. 

The analytical data for the clay fraction of brown forest soils occurring 
on this orchard do not reveal any eluviation of the bases ; but in the case of 
podsols, on the other hand, considerable eluviation of FogOj is observed to 
have taken place. The trend of the changes in the silica-sesquioxide ratios 
shows that physical weathering plays a more important part than chemical 
weathering in the formation of soils in these hills. 

Summahy 

The pedogenic soil-forming processes under the climatic and topographical 
conditions of Chaubattia tend to produce four different soil types as given 
below : 

Bed loams 

Soils corresponding to the temperate red-loams are found in dry places 
where the organic niUtter is rapidly mineralised owing to subsoil drainage 
conditions. Only a small number of profiles is found to possess these .• arac- 
teristics. 

Brown forest soils 

This formation is very general under the climatic conditions at Chaubattia 
and most of the soils of the locality belong to this type. The pre-eminent 
nature of the profiles of this type is brown colouration of the B-horizon and 
moderate organic status of the surface soil. 

Podsols 

The third formation which is met with under humid conditions shows 
podsolic tendencies although extreme cases of pod.solization are not very 
evident. 

WiBSENBODBN OR MEADOW SOILS 

The fourth type of development is analogous with the hydrogenic Wiesen- 
boden formation and is usually found near nuttas and in cool, shady and per 
petually moist places. 
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THE RELATION OF THE SIZE OF FRUIT TO THE LOSS 
IN WEIGHT IN STORAGE 

BY 

D. V. KARMARKAR, M.So., Ph.D., A.I.I.So. 

AND 

B. M. JOSHI, M.So. 

CM Storage Research Scheme^ Kirkee 
(Received for publication on 9 February 1940) 

T he prooesBes of respiration and transpiration continuously go on in fruit 
during storage, with the result that the fruit gradually loses in weight. 
The rate of loss depends on the temperature and the relative humidity in the 
storage chambers and also on the nature of the fruit. Wardlaw [1933] in 
his experiments on the storage behaviour of limes observed that the loss in 
weight was largely a function of size and that such loss was directly related 
to the area of fruit exposed. Leonard [1936] found that, in the case of grape 
fruit, the percentage loss in weight was less in fruits of bigger size. Wardlaw 
and Leonard [1936] showed the importance of size involving surface-bulk 
relationship in considering the rate of loss in weight during storage. Cheema 
and others [1939] found that, in the case of mangoes, the percentage loss in 
weight of small fruit was higher than that of big fruit at 68°F., but there was no 
difference at 48°F. Cheema and Karmarkar [1939] observed that in Malta 
oranges the size of fruit was very important. Fruit of big size remained firm, 
while fruit of small size shrivelled. During the course of the experiments 
conducted in this cold storage plant it has been found that the size of fruit 
influenced the rate of loss in weight in storage. The data obtained with differ- 
ent fruits are given in this paper. 

Experimental procedure 

Big and small size fruit of an apparently equal stage of maturity was 
selected for the experiments. The selection of the two sizes was made accord- 
ing to the weight of fruit as the specific gravity did not vary appreciably with 
the size. Ten fruits of each size (weighing within a selected range) were used. 
The fruits were individually weighed and kept in partitioned trays. One 
fruit was kept in each division and the partitions were given serial numbers 
so that in case a fruit rotted, it could be removed without disturbing the 
experiment. The fruits were kept in chambers maintained at different tem- 
peratures with the relative humidity between 80 and 90 per cent. The fruits 
were weighed at regular intervals and the rate of loss in weight was determined. 
The percentage loss in weight was calculated on fresh-weight basis. The 
ratio of percentage loss in weight of small fruit to the percentage loss in weight 
of big fruit was also obtained. Further, the thickness of skin, the percentage 
of pulp and the rate of respiration of fruits of the two sizes were determined. 
The data are given in Tables T-XI. The number within brackets just below 
the range of weights indicates the average weight of a fruit in grammes. For 
brevity the ratio of the percentages is shown as small/big or as big/small. 

1021 
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Disodssion 

The loss in weight in storage of fruits is due to the transpiration of water 
from the tissues and the decrease in solids during respiratory processes. A 
little loss may also be due to the evaporation of other volatile substances given 
off by the fruits. Wardlaw [1933], Lronard [1936] (md Wardlaw and Leonard 
[1936] have noticed that the rate of percentage loss in weight in storage 
of fruits is related to the size of fruit and is greater in fruits of smaller size. 
The greater loss in weight of small fruit may be due to the larger surface 
exposed per unit volume resulting in a higher rate of transpiration; The data 
obtained in these experiments (Tables I — VIII) showed that the percentage loss 
in weight of small fruit was always greater than that of big fruit, except in the 
case of grape fruit at 68°F. The ratio of the percentage loss in weight of small 
fruit to the percentage loss in weight of big fruit remained practica^y constant 
during the storage period. The value of the ratio, however, was found to vary 
with the temperature of storage. In limes (Table V) the small/big ratio at 46°F. 
agreed weUwith the ratio for surface (big and small fruits) which was 1*24 
when calculated by assuming limes to be of a perfect spherical shape. 
Resorting to the above method of calculating the si;^aoe ratio, the small/big 
ratio approximated the surface ratio which was 1 * 14 in the case of Mosambi 
and Malta oranges at the different temperatures. The calculated surface ratio 
in the case of the Nagpur orange was 1 * 16 and was equal to the smaU/big 
ratio at 62°P. only (Table VIII). 

The high values of small/big ratio obtained in the case of chikoos (Table 
II), bananas (Table III) and limes (Table V) at 68°F. and the Nagpur 
orange (Table VIII) at 40° and 46°F. could not be accounted for by the surface- 
bulk relationship alone. The difference in the small/big ratios obtained for the 
same type of fruit at different temperatures of storage suggested that there were 
other factors which influenced the ratio. 

Table I 

Apples (variety, Hawthorn Greening) 

Percentage loss in weight at e8°F. 

Nvimber of days Big 

of storage 

130-140 gm. 

(134) 


1*61 

2- 67 

3- 80 
4*86 


8 . 
16 . 
24 . 

32 . 
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Table n 

Chikoo (Aohras sapota, globular type) 


Number of days 
of storage 

Percentage loss in weight 

62®F. 


Big 

90- 105 
gm.' 
(98) 

Small 

66-70 

gm. 

(67) 

Small 

Big 

Big 

90-100 

gm. 

(94) 

Small 

60-70 

gm. 

(64) 

Small 

Big 

3 . 




3*13 

4*30 

1*37 

5 . 

3*22 

3*92 

1-22 




0 . 




6*98 

8*14 

1*37 

9 . 

.. 



9*06 

11*46 

1*26 






(turned soft) 

10 . 

6*17 

7*41 

1*20 



•• 

15 . 

9*44 

11*30 

1*20 




20 . 

11*48 

13*67 

j 1*19 

! 




Table 111 

Banana {variety, Walha) 



Percentage loss in weight 



62°F. 





Number of days 

Big 

Small 

Small 

Big 

Small 

Small 

of storage 

106-120 

66-80 

Big 

105-120 

60-76 

Big 


gm. 

(113) 

gm. 

(69) 


gm. 1 
(112) 

*• i 

gm. 

(67) 


4 . 

3*04 

3*32 

1*09 

3*16 

4*74 

1*51 

9 . 

5*95 

7*19 

1*21 

6*27 

9*77 

1*56 

13 . 

8*04 

1 9*81 

1*22 

9*15 

13*95 

1 52 

17 . . . 

9*97 

1 12*25 

1*23 

11*63 

19*34 

1*66 

21 . 

11*88 

14*59 

1*23 


i 

•• 
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Orape fruit {variety, MavaVi SeedUaa) 




Percentage loss 

in weight 




45*»F. 

68®F. 

1 

Number of days 
of storage 

Big 

Small 

Small 

Big 

Big 

Small 

Small 

Big 


510-530 

300-330 


540-560 

300-330 



gm. 

(618) 

gm. 

(314) 


gm. 

(648) 

gm. 

(316) 


8 a a a 

1-37 

2 03 

1-48 

310 

2*89 

0*93 

16 a 

2*94 

3-46 

118 

5-63 

5*43 

0*96 

24 a 

4-58 

4-82 


7-57 

7*15 


32 . 

6*29 

6-53 


8*73 

8*22 

0*94 

40 a 

1 



10*01 

i 

9*48 

i 

0*94 


Tablb V 

Limes (Citrus aurantifolia ; variety, Kagadi) 




Percentage 

loss in weight 




45®F. 



68®F. 


Number of days 
of storage 

Big 

1 

Small 

Small 

Big 

Small 

Small 


50-60 

gm. 

(53) 

20-25 

gm. 

(23) 

Big 

50-60 

gin. 

(54) ' 

20-26 
gm. ! 

(24) 

Big 

4 . 

5*94 

8*01 

1*35 

2*96 

j 

4*16 

1*40 

8 . 

10*33 

13*24 

1*28 

i 5*18 

1 

7*25 

1*40 

12 . 

13*00 

16*37 

1*26 

6*52 

8*86 

1*36 

16 . 

16*77 

20*94 

1*25 

j 8*63 

11*49 

1*33 

20 a 

19*36 

24*07 

1*24 

j 10*36 

13*78 

1*33 
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Table VI 


Moaambi {Orcmge, Mozambique) 


Number of days 
of storage 

Percentage loss in weight 


68^F. 

Big 

280-300 

gm. 

(288) 

SmcJl 

190-210 

gm. 

(202) 

SmaU 

Big 

1 

Big j 

1 

280-270 

gm. 

(266) 

Small 

170-190 

gm. 

1 (180) 

i 

1 

Small 

1 

1 

.1 

9 . 

1-61 

1-79 1 

! Ill 

1*96 

1 

i 

j 2*32 

118 

17 . 

2*88 

1 

3-27 i 

113 

3*32 

3-92 

1 

1 

i 

t 

26 . 

4*08 

4-60 ; 

114 

3-96 

4-70 

119 

33 . 

6*28 

1 

1 

! 

1 599 

! 

113 

4 64 

5-44 

1-20 

1 


Table VII 

Malta orange {variety, Blood Red) 


- 

— - 

- 


- 

— 


— 







Percentage ioas in weight 






SS-F. 



40®F. 



45"F. 


Number ordayii 
of etorage 

Big 

1 

Small 

Small 

Blg^ 

Big 1 

1 

SmaU 

Small 

Big 

Big 

> Small 

Small 

Big 


260-280 

gm. 

140-180 

gm. 


255-295 1 
gm. 

130-170 

gm. 


2C0-300 

gm. 

1 140-180 
! gm. 



(270) 

(166) 


(271) 

(162) 


(280) 

1 (163) 


16 

4*01 

6*24 

1*27 

r 

7*20 j 

7*44 

1*03 

! 

7*28 

1 1 

8*44 : 

1*16 

84 

10*02 

12*09 

1*21 

13*68 ; 

16*77 1 

1 

1*15 

1 

14*20 

16*60 

1*17 

60 

14*87 

16*89 

1*18 

19*67 j 

28*19 

1 1*18 

20*18 

: i 

1*17 

68 

19*28 

21*78 

1*18 

26*07 j 

80*65 

' 1 17 

27*06 

1 29*90 j 

1*11 

85 

28*42 

26*61 

1*09 

1 81*61 1 

36*86 

1*16 1 

32*74 

1 86*63 

1*09 




Nagpur orange 



lO'Pl I i;m:i 1-21 12-40 17-48 1-41 14-47 U-78 16-07 1-36 16-67 117-06 1-10 


VI] 


SIZE OF FRUIT AND LOSS IN WEIGHT IN STORAGE 


1027 


Table IX 


Thiekneta of the akin of big and amaUfruita 


Name of fruit 


Thickness in cm. 


Big 

Small 

Big 

Small 

Banana 


0*22 

1*41 

Grape fruit 


0*35 

1*23 

Limes 


009 

1*42 

Mosambi 


0-28 

1*36 

Nagpur orange . 


0*23 

1*26 

1 


Table X 

Percentage of ptdp in big and amaUfruita 


Percentage of pulp 


Name of fruit ! 

. . . _ i.. - 

Big 

Small 

1 Small 

* Big 

4 

Banana 

68*4 

62*5 

1 

1*07 

Grape fruit 

77*0 

76*6 

1 * * 

Limes 

81*4 

83*7 

1*03 

Mosambi 

74*8 

74*2 

. . . 

Nagpur orange . , 

1 

74*0 

77*6 

; lob 

1 


Table XI 

Bate of respiration of big and amaU fruits at 68^F. 


Tartu of CO, per 100 gm. of fruit per 24 hours 


Name of fruit 

' Big 

j 

1 

' Small 

i 

j 

Small 

Big 

mes 

32*1 

1 

1 38 1 

1*19 

osainbi 

14*5 

1 18-0 

1*24 

agpur orange 

22*2 

I 24-8 

1 

1*12 
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The Hlrin of fruit plays an important part in gaseous ex- 

change between the tissues and the atmosphere around the fruit. The ab- 
sorption of oxygen and the excretion of carbon dioxide and water vapour tdce 
place through the skin by diffusion. The rate of diffusion of the gases depends 
on the permeability of the skin. It has been found that the thickness of the 
wlrin of small fruit was less than that of big fruit (Table IX). The rate of gas- 
eous diffusion may, therefore, be more rapid in small fruit and consequently 
lead to a greater evaporation of water from the pulp tissues resulting in a greatw 
loss in weight. 

It is a]^ possible that the greater loss in weight of small fruit may be the 
result of a higher rate of respiration. The small fruit may respire more than 
the big fruit on account of a relatively larger surface per unit volume or 
more rapid diffusion of gases through the thinner skin. The highOT rate of 
respiration may be partly due to a larger proportion of pulp in small fruit. 
It has been found that in the case of bananas, limes and Nagpur oranges, 
the percentage of pulp in small fruit was higher than that in big fruit (Table X). 
The percentages of pulp in Mosambi and grape fruit of the two sizes were prac- 
tically equal. 

Gustafson [1929] conducted some experiments with tomatoes to determine 
whether the size of the fruit exerted any influence on the rate of respiration, 
but nothing definitely was ascertained though, in some oases, it seemed that 
larger fruits respired less per gram of material than smaller fruits of the same 
age. In these experiments the determination of the rate of respiration at 68°?. 
of fruits of the two sizes showed that the rate of respiration was higher in the 
case of small fruit (Table XI). It is necessary, however, to consider these 
values with some reservation as it is very difiicult to get fruit of two sizes at the 
same stage of physiological development for proper comparison and consider- 
able variation often exists among individual fruits. 

The values obtained for the small/big ratio in the case of Nagpur oranges 
(Table VIII) stored at different temperatures were interesting. The values at 
40° and 46°F. were high and approximately equal. The rates of loss in weight 
at these two temperatures were also nearly equal. The value of the ratio was 
lower at 35°F. and equalled the ratio of the skin thicknesses. The value at 
62°F., as previously mentioned, was equal to the surface ratio, while the value 
at 68°F. approximated the pulp ratio. Loftfield [1921] has shown that the 
temperature influences the stomatal movement, the rate of movement increas- 
ing with temperature. If it could be assumed that the stomata were wide 
open at 68°F. and a free exchange of gases took place the quantity of the 
pulp would determine the rate of loss in weight. At 62°F. the stomata might 
be open in the normal way and an easy difiusion of gases would take place, 
the rate of loss in weight depending on the area of the surface exposed. At 
40° and 46°F. the stomata might be just open so that the thickness of the skin 
determined the rate of exchange of gases and the value of the ratio small/big 
represented the combined effect of the surface, pulp and thickness of the skin 
ratios. In Nagpur oranges, which are ordinarily puffy and loose-skinned, 
there are some fruits which are tight-skinned and more compact. The rate 
of diffusion of gases in such oranges is expected to be slower than that in pufiy 
fruits. The rate of loss in weight of tight-skinned oranges was found to b© 
)em thAD that of pufiy fruit of approximately e^ual volume. 
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In the case of the Malta orange, big fruit kept in storage a much fresher 
appearance than small fruit which appeared shnvelled. The skin dried up 
and assumed a dull colour. It is possible that the aperture of stomatal 
pores in the skin of small fruit may be smaller than that in the case of big fruit. 
The higher rate of transpiration leads to loss of turgidity of the ceDs which may 
effect a partial closure of stomata so that a major portion of the loss in weight 
takes place from the skin which, in the course of time, shows shrivelling. 

Summary 

1. The percentage loss in weight in storage at different temperatures of 
fruits of two sizes, big and small, has been determined. The fruits used were 
apples, chikoos, bananas, grape fruits, limes, Mosambi, Malta oranges and 
Nagpur oranges. The data showed that the loss in weight of small fruit was 
always greater than that of big fruit, except in the case of grape finiit at 68°F. 

2. The thickness of the skin, the percentage of pulp and the rate of res- 
piration of fhiits of the two sizes have been determined. The skin of 
small fruit was found to be thinner than that of big fruit. In bananas, limes 
and Nagpur oranges the percentage of pulp in small fruit was a little higher 
than that in big fruit. The rate of respiration of small fruit was also greater 
than that of big fruit. 

3. The ratio of the percentage loss in weight of small fruit to the percentage 
loss in weight of big fruit remained practically constant during the storage 
period. The value of the ratio, however, varied with the temperature of 
storage. 

4. The higher percentage loss in weight of small fruit could be correlated 
in some cases to the relatively greater surface per unit volume of fruit exposed. 
The ratio small/big was found to be approximately equal to the surface ratio 
in the case of limes (stored at 45°F.), Mosambi, Malta oranges and Nagpur 
oranges (stored at 62°F.). 

6. It has been suggested that the comparatively thinner skin of small 
fruit facilitated a more rapid diffusion of gases which resulted in a higher rate 
of evaporation of water from the pulp and possibly in a higher rate of respira- 
tion as well. 

6. The difference in the values of small/big ratio obtained at different 
temperatures in the case of Nagpur oranges has been discussed. 

The authors wish to acknowledge the assistance of Messrs R. K. Lavlekar 
and S. W. Rane in this work. 
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VARIETIES OF CARDAMOM IN CULTIVATION IN 

MYSORE 

BY 

R. L. NARASniHA SWAMY, M.So. 

Geneticist, Coffee Experiment Station, Balehonnur 
(Received for publication on 9 January 1940) 

(With Plate XLVI) 

iNTEODronON 

B aker pn Hooker, 1894] and Fischer [1928] have mentioned Ekttaria 
cardamomum Maton. growing in South India. They have farther made 
mention of a single variety E. cardamomum Maton. var. major Thw. This 
variety has been stated to be a robust plant with leaves broader than the type 
and having oblong-fusiform fruits 1 in. or more long and indigenous in Ceylon 
[Hooker, 1892]. Thwaites gives the habitat of the variety as ‘ forests 
in the central and southern provinces, up to an elevation of 3,000 ft.’ 

Ridley [1912] mentions that ‘ there are two distinct forms or varieties 
of the plant, viz. var. minus, the Malabar cardamom, a taller plant with 
narrower and less firm leaves and globose fruits from 1/6 to 9/10 in. long, 
greyish yellow or buff in colour. This is confined to southern India. Var. 
majus with shorter stems, broader leaves and oblong fruit, from 1 to 2 in. 
long, and rather narrower than the Malabar fruit, distinctly three-sided, often 
arched and dark-greyish brown when dry, the seeds larger and more numerous, 
and less aromatic. This is the Ceylon cardamom and peculiar to that country.’ 
Molegode [1938] reports that three varieties of Ekttaria cardamomum Maton. 
are found in Ceylon. One of these is indigenous to Cteylon. The cultivated 
varieties, Malabar and Mysore, appear to have been introduced from India. 
The Malabar variety is described : ‘ Leaves silky on the under-surface ; recemes 
arise from the base of the stem and creep on the surfae of ground around the 
clumps ; fruits or capsules angled, shorter and more globular than the Mysore 
type.’ The Mysore variety is described : * Leaves larger with a coarser under- 
surface, not silky but hard and smooth ; racemes rise erect ; fruits oblong and 
larger than those of the Malabar type.’ 

Matbkial and methods 

A number of collections of cardamoms from several localities in South 
India are growing on the Government Coffee Experiment Station, Balehonnur. 
The collections were made by Mr K. H. Srinivasan, M.A., B.So. (Edin.). I 
began studying these with a view to classifying them. Dining the course of 
study the principal cardamom-growing areas in Mysore that are round 
about Manjarabad were visitexl and the cardamoms growing there were studied. 
As a result it was observed that though cardamoms growing in Mysore belong 
to the species Elettaria cardamomum Maton. there are well-marked differences 
suggesting the existence of distinct varieties. These could not be classified 
according to the described varieties. Further, it was observed that the des- 
cription of the species also required certain changes. In the present paper 
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three varieties have been deseribed and some changes in the description of 
Ekttaria carddmomtm Maton. given in Hooker [1894] and Fischer [1928] are 
introduced. 

All the detailed observations were done on plants growing on the Station 
side by side under identical climatic conditions and these were supplemented 
by general observations on plants in the cardamom estates round about 

Manjarabad. 

Desoeiption 

Ekttaria cardamomvm Maton. (Plate XLVI, figs. 1, 2, 3a). — Perennial herb; 
rootstock horizontal ; leafy stem tall, 6 ft.-l 1 ft. high ; leaves distichous, linear 
lanceolate, acuminate, sessile or shortly petioled up to 0-75 in. ; glabrous 
above, glabrous or softly pubescent beneath, 1 ft. -2 • 6 ft. long, 1-75 in-4* 76 in. 
broad ; margin wavy. Panicles produced direct from the rootstock, flexuous, 
decumbent, several to one leafy stem, up to about 2 ft. long ; bracts linear- 
oblong, obtuse, about 1*6 in. long ; flowers produced in 2 to 12 flowered .short 
racemes 0*6 in.-3*6 in. long; bracteolate, shortly pediceUed. Calyx memb- 
ranous tubular, shortly three lobed, 0*6 in. -0*7 in. long, persistent. Corolla 
tube oylindric, white, shortly exserted, 0*76 in. long ; lobes spreading, mid-lobe 
oblong, convex ; lateral narrower ; lobes 0*5 in. long. Lip oblong-obovate, 
longer than the corolla lobes, 1 in. x 0*72 in., base cuneate, margin wavy ; 
white striped with violet ; lateral staminodes minute teeth ; two staminodes at 
the base of the corolla tube ; stamen with a short filament ; anther not 
crested, its cells contiguous ; longitudinally dehiscing. Ovary three celled ; 
ovules many 2-8eriate in each cell, axile ; style filiform, 1*2 in. long ; stigma 
small, funnel shaped, ciliate. Fruit a sub-globose, sub-trigonous, coriaceous, 
indehiscent capsule, 0*4 in.-0*7 in. x 0*3 in.-0*5 in., striate, pale yellow when 
ripe ; each cell contains three to eight seeds. Seeds obovoid, angular by 
compression, transversely wrinkled, aromatic, arillate. 

Var. laxiflora (Plate XLVI, fig. 36). — Leafy stemup to 14 ft. Leaves 1 lin.- 
2*76 ft. X 1*6 m.-6*5 in., shortly petioled or not, glabrous on both sides 
Panicles flexuous, up to 4 *26 ft. long, lax, decumbent. Flowers pro- 
duced in 4 to 40 flowered short lax racemes, 0*5 in. -5 in. long. Pedicel up to 
1 in. long. Capsules very variable, oblong to oblong-fusiform, 0*5 in.-l in. x 
0*3 in.-0*5 in. ; each cell contains two to nine seeds. 

Var. Mysorenais (Plate XLVI, fig. 3c). — More robust. Leafy stem up to 

17 ft. high. Leaves 1 *2 ft.-2*6-ft. x 2 in. -6 *25 in., glabrous on both sides, 
or glabrous above and pubescent beneath, petiole up to 1 • 5 in. long. Panicles 
flexuous or not up to 4*76 ft. long, erect or decumbent. Flowers produced 
in 4 to 36 flowered short racemes, 0*6 in.-6*5 in. long. Lip broader 1*2 in. 
X 1 in. Capsule bigger 0*6 in.-0-8 in. x 0*35in.-0*6 in., distinctly three- 
angled ; each cell contains three to nine seeds. 

Var. major Thw. (Plate XLVI, fig. 3<i).— rMore robust. Leafy stem up to 

18 ft. high. Leaves lft.-2*76ft. x 2in.-6*6in., pronouncedly petioled, 
petiole up to 2 in. long, glabrous on both sides. Panicles not flexuous, up 
to 4*6 ft. long, erect. Flowers produced in 6 to 40 flowered short racemes 
0*6 in-4 *6 in. long. Lip broader 1 *2 in. x 1 in. Capsule oblong-fusiform, 0-5 
in.-0*8 in. X 0*3 in.-0*46 in. ; each cell contains three to six seeds. Seeds are 
arger and slightly flatter. 
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Habitat DBsoBiFrioN 

The varieties are cultivated to a greater or lesser extent in almost all the 
estates in Mysore. Var. laadflora has not been obtained from outside Mysore. 
It has been observed growing in the cardamom estates round about Manjar- 
abad. Var. major Thw. is stated by planters as obtained either from Ceylon or 
from Annamalais. At the Station, plants have been raised from seeds obtain- 
ed from Annamalais, Travancore and estates in Mysore. All these are similar 
and belong to the variety major Thw. Plants of var. Mysorenais have also 
been raised from seeds obtained from several estates in South India, so that 
the habitat of the variety may be said as South India and under cultivation. 

Discussion and coNOiiUSiONS 

There are differences between the description of Elettaria cardamomvm 
Maton. by Baker [in. Hooker, 1894] and Fischer [1928], and the description 
in the present paper. They mention that the species has leaves that are 
pubescent beneath ; bracts two to seven flowered ; seeds not ariUate. I 
have found that the leaves are either glabrous or pubescent beneath ; flowers 
are produced in 2 to 12 flowered short racemes in the panicles ; seeds are 
arillate. Further, the presence of two staminodes at the base of the corolla 
tube has been reported by the author [Narasimha Swamy, 1937]. It is 
observed that Malabar cardamom of Molegode [1938] corresponds to the t 3 ^e 
described. 

Var. major Th. has been mentioned by Baker [in Hooker, 1894] and 
Fischer [1928]. The present description of the variety differs in having 6 
to 40 flowered short racemes in the panicle and fruits that are 0*6 in.-O* 8 in. 
long. 

Var. Myaorensia appears to correspond with the Mysore cardamoms of 
Molegode [1938] though the former differs in having leaves that are glabrous 
or pubescent beneath and panicles that are erect or decumbent. 

Var. laxiflora appears to have not been described so far. Glabrous leaves, 
lax decumbent panicles having 4 to 40 flowered short lax racemes that 
have flowers with long pedicels, and fruits which are often elongated clearly 
distinguishes this variety. 

SUMMABY 

Elettaria cardamomum Maton. var. laxijlora, var. Myaorenaia, var. major 
Thw. have been described. 

Aoknowlbdgembnts 

I am deeply indebted to Mr K. H. Srinivasan, M.A , B.So. (Edin.), for 
kindly allowing me to make use of the material collected by him, and for the 
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CHROMOSOME NUMBER IN BAMBOO (DEliDmCALA- 

MVS SimCTUS) 

BY 
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AgrievUurai Research Institute, Nagpur, C. P. 

(Received for publication on 14 August 1939) 

(With one text-figure) 

D uring 1938 - 39 , a few plants of Deridrocalamua strictua along the 
road-sides of the Maharaj Bagh Gardens, Nagpur, exhibited flowering. 
Seeds were collected from these plants in the beginning of February 1939 
for chromosome studies. There is no record of such observations in this 
species in any Indian publication. 

The see^ were kept for germination in two lots, i.e. on 2nd and 4th 
of March respectively, on moist Alter papers in Petri dishes. The first lot 
showed cent per cent germination, while the second lot only 67 per cent. 
In three days the root tips were ready for fixation. The following Navashin’s 
solution, modified in our laboratory, was used with satisfactory results, fol- 
lowed by the iodine-gentian violet staining. ParaflSn sections were cut 
at 16 |i. 

Chromic acid 1 per cent . . . 5 c. e. 

Formalm 20 per cent . . . . 3 c. c. 

QIaoial aoetio acid . . . 1 c. c. 

Seventy-two chromosomes were distinctly observed on the metaphase 
plates of the root-tip cdls (Fig. 1). The number was confirmed from several 
plates. 


Fig* 1* Somatic ohromoaomes from 2>eiidfiooci2afmir«fnortM (2a 72) (X 3,200) 
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T he Impend Forestry Bmeau ia pablishing a quarterly journal entitled 
Forestry Abstracts. This provides a survey in English of the current 
literature of forestry from all parts of the world. Each issue normally in- 
cludes special reviews of the literature of particular subjects, notes on annual 
reports, and abstracts classified by subject. In the abstracts the aim is to 
epitomize the contents of each paper so as vto enable the reader to judge of 
its value as a contribution to knowledge. In addition to papers in En glish, 
French and German, attention is also directed to those publi^ed in the less 
familiar languages. 

The first number appeared in June 1939 and deals mainly with the litera- 
ture of 1938. Thereafter Forestry Abstracts is appearing quarterly in Sep- 
tember, December, March and June, four nmnbers constituting a volume. 
Indexes will be provided annually. 

The annual subscription is: — 

For residents of the countries of the British Ciommonwealth 
and the Anglo-Egyptian Sudan who send their subscrip- 
tions direct to the Bureau 20s. 

For all other subscribers 25». 

Single parts each Is, Qd. 

All these prices include postage. Particulars of trade terms will be 
supplied on request by the Secretary, Imperial Agricultural Bureaux, 2, Queen 
Anne’s Gate Building, London. 

Tablb of contents 

General forestry 

Theories. Terminology. Methods. Education. Research. Travel and study. 
Forest History and Geography. 

Fundamental natural laws of the forest 

Locality. Study of locality. Maintenance of locality factors. Soil. Hydro- 
graphical conditions. Forest and Water. Forest and Climate. Erosion. 

Tree species. Forest botany 

Physiology. Biology. Pathology. Morphology. Anatomy. Mode of life. 
Adaptability. Geographical distribution. Plant Geography and socio- 
logy. Regional floras. Special (Systematio) Botany. 

Forest zoology 

SiLVIOULTURB 

Silvicultural characters. Systems of management. Forms of stand. Forma- 
tion of stands, natural and artificial. Afforestation. Education of stands. 
Tending. Thinning. 
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VI] 

UnuzATiOK. Technology 

PropertieB of wood. Harvesting of wood. Logging. Conversion. Preserva- 
tion. Minor Forest Products. Sale and Disposal. Timber Trade. Trans- 
port. Constructional works. 

Pbotbotion 

Forest fires. Protection against damage by harmful plants. Protection 
against damage by animals. 

Inobbment. Yield 

Management. Working plans. Surveys 
Economics. Valuation. Finance. Profit and loss 
Administration 
Policy 

SUPPLEMENT TO THE REVIEW OF APPI JED MYCOLOGY 

A SUPPLEMENT to the Review of Applied Mycology is now available giv- 
ing a list of all new species and varieties of fungi, new combinations, and 
new names published since the beginning of 1940 in journals accessible to the 
Institute up to the end of Jime. It is hoped it may be possible to issue a 
further supplement early in 1941. The list is arranged alphabetically under 
the genera, and a host index is supplied. The Director will be grateful for 
the notification of omissions for inclusion in any subsequent issue. 

The price of supplement 1 is 2^. 6d. post free (28. post free to direct subs- 
cribers in the British Commonwealth) payable in ailvance. Orders and cor- 
respondence respecting the Supplement should be sent to the Director, Im- 
perial Mycological Institute, Kew, Surrey. 
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